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Introduction to Forensic Science 

1 Basic Ideas in Forensic Science 



Illustration 1: Forensic Science (Overview) 

There is a great variety of different topics that come up with forensic science. It really is a subject of 
great diversity as can be seen from this illustration. 

While we are looking at all this diversity, we should try to disspell a myth that is built up by watching 
CSI-shows on TV, and that is that an individual forensic scientist would never be able to tackle all subjects that 
you see in front of him. It really is a subject for specialists, people specializing in one area of forensic science, 
and they do not work as generalists. 

One forensic scientist cannot tackle all Subjects! 

1.1 Forensic Medicine vs. Forensic Science 


M.D, 

Forensic 

Medicine 

The body 


BS / BSc* 


Fingerprinting 


DNA 


Forensic 
Physical Science Drugs 
evidence x — I — * 


Ballistics 


Living 


Documents 

\ 

Dead 

Illustration 2 : Forensic Medicine vs. Forensic Science 


In particular, we can split forensics into two areas. On the left, you can see forensic medicine. 
Forensic Medicine is very clearly defined, because it is purely concerned with a body. Whether it is a living body 
or a dead body, looking at that body, working out how injuries may have happened to that body is the job of 
specialists in forensic medicine. Anyone in the field of forensic medicine will have gotten there by first qualifying 
as a medical doctor, and then specializing further. 

On the right, you have what is properly called forensic science, and this is dealing with just about everything 
that is not a body, from fingerprints through to DNA. People in this area tend to have good qualification in one 
basic science. Therefore, you have forensic medicine on the left, forensic science on the right. 
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1.2 Forensic Scientist = Celebrity? 



Chcto Tze Pornthip Sir Bernard 

Cheng Rojanasunan Spiisbury 


Illustration 3 : Forensic Scientists (Selection) 

Now, television programs have made forensic science very fashionable at the moment, but even without TV, 
many Forensic Scientists have achieved some kind of celebrity status. On the left is Singapore's own 
Chao Tze Cheng. His area of course was Forensic Medicine, and he was one of the founders of this area here in 
Singapore. In the center, you see Dr. Pornthip, and she is one of the most well known practitioners of 
Forensic Medicine from the kingdom of Thailand. You have to say that she does not look like what you imagine 
someone in that field would look like. On the right hand, side is one of the first celebrities of forensic science or 
Forensic Medicine. This is Sir Bernard Spilsbury, and during this course, we will discuss a number of the cases 
that came in front of Sir Bernard. He was a great authority figure in Forensic Medicine in Britain, certainly in the 
first few decades of the 20 th Century. 

• When you spend a long time studying forensic science, and looking at the different crimes that have 
been committed, you may start to get worried about going home or going outside your house. 
Therefore, to begin the course, I would like to offer you a little bit of reassurance that the world, or at 
least most of the world, is actually a fairly safe place. 

1.3 Murder Rates Worldwide 

Per 100,000 Population (reported) 



Illustration 4 : Murder Rates Worldwide 

Here I have selected some murder rates for different places around the world. If we exclude countries, 
where there is actually a war going on, then the highest murder rates are in countries such as Colombia. A few 
years ago, the rate in Columbia was much higher; it dropped in the last few years. It is still a very high rate by 
worldwide standards, this is due to drug gangs, and it is particularly concentrated in a few cities, such as 
Medellin where the drug gangs have been very powerful. Currently one of the highest murder rates in the world 
is Honduras and, again, that is due to drug gangs, and the murder rate there recently was reported to be 71 
per 100,000 populations per year. 

From watching TV, because so many crime shows on TV come from the United States, we often think of the 
United States as a very violent country, but their murder rate is only 4.7, well below that of Honduras and 
Columbia. The interesting thing about the United States is the great variety within one country. That 4.7 
average hides huge areas where the murder rate is almost zero, and a few places where the murder rate is 
much higher. For instance in Washington DC the murder rate is significantly higher, almost up at 
Colombia levels. Actually, that murder rate for Washington DC is a great improvement over a few years ago. 

Here in Singapore it is relatively low at 0.51, in the United Kingdom, where I come from, it is 1.23. Other 
countries in Europe, for instance, it is in that order of magnitude. Therefore, do not be afraid to step outside 
your house. Generally, it is not that dangerous world. 
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2 What is Forensic Science? 

What is it we are trying to explain to you? What is it that we want you to take away from this course? It is 
basically summed up by this question. 

2.1 How did they know? 

• 'Strong evidence' 

• Based upon forensic science 

• Scientific Principles 

2.1.1 Interpretation: EVIDENCE 

• Found at Crime Scene 

• Physical Objects or Measurements 

2.1.2 Reliability of Evidence 

• How evidence can be trusted 

• To what extent it can be trusted 

• DNA very reliable 

2.2 Can / Cannot be Deduced from Evidence 

When you hear Forensic Scientists, prosecutors, or police officers saying they have very strong evidence that 
this act was done by this person at this time in this way, you should wonder to yourself: How do they know? 
Usually, how they know is based upon forensic science. Therefore, this course is about explaining to you some 
of the science, the scientific principles that lets them make these statements. It is about the interpretation of 
the evidence. The evidence is found at the crime scene. The evidence itself is merely physical objects or 
physical measurements. These have to be interpreted; therefore, it is how this evidence is interpreted by the 
Forensic Scientists. However, a very important part is not just the interpretation of the evidence, it understands 
how that evidence can be trusted and to what extent it can be trusted. 

How reliable is the evidence? When DNA evidence is presented in court, it is presented with great reliability 
as if it is infallible, and, in general, DNA evidence has tremendous reliability because of the scientific principles 
on which it is based. Other forms of forensic evidence, well frankly, some of them are definitely a bit iffy and 

their reliability is low, much lower than DNA evidence and in addition to this, we have to be aware of what we 

can deduce from the evidence and what we cannot deduce. As we will see, forensic science is 
tremendously good at telling us certain pieces of information, which go into solving a crime, but there are some 
aspects of a crime, which are beyond the power of forensic science. Therefore, we have to know our limits. 

2.3 Why Science? 



Illustration 5 : Isaac Newton Idea of Science 


Now, what about Science? Why do we consider this forensic science? Moreover, we call it forensic science, 
because it uses the philosophy of all of science. The model of science that we more or less use these days is 
based on that given to us by Isaac Newton. In the Newton idea of Science, you have observations. 
Observations may be of the natural world, or observations of your crime scene or you do experiments, and you 
have results from those experiments. 
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Theory Present theory in court 

Theory 

Scientific paper 

Expert Witness 

*1 

Presentation at 
a conference 

Convince judge / jury 

Wrong theory Send an innocent 


person to prison / death 


Illustration 6 : Difference between Science and forensic science 

You use those observations and experiments to come up with a theory that gives you an explanation, then 
you go back to make further observations, or further experiments, which then test your theory. If your 
further observations and experiments support your theory, GREAT! Then you can go on for further experiments. 
If those observations and experiments contradict your theory, you must go back to the drawing board, and 
come up with a new theory. You would continue around this cycle of observation or experiment and theory until 
you conclude that your theory is pretty much firmly demonstrated, and you have full confidence in it. 

For most scientists, once you reach that point what you do is you write a scientific paper, or you give a 
presentation at a conference, and there is the end to the process. For Forensic Scientists the end to the process 
is somewhat different, because once you are confident in your theory that explains your observations, and then 
you have to present that theory in court. You have to be an expert witness in court and convince the judge, 
and or the jury, of the validity of your thesis. 


Procedures In a case 


Evidence from: 



Experts 

Witnesses 

Prosecution 
vs Defense 


Verdict 

l J 

w ,. _ . __ . . - _ J 


Police 




Illustration 7 : Procedures in a Case 


This means that, if there is a mistake in your theory, if your theory is invalid, if it is wrong, the 
consequences can be very serious indeed. Because if your theory is wrong, you may be sending an 
innocent person to prison, or if it is a country where there is capital punishment, you may be sending an 
innocent person to his death, and it is certainly true that this has happened, and this can happen. 


Let us say a little bit at this point about the legal system, in particular the legal system in countries where 
they use a system based on the English system. Therefore, when someone has been charged with a crime 
comes from experts such as forensic scientists, it may come from witnesses, it may come from the 
police officers, and this is presented in the court. Some of it is presented by the prosecution who are seeking to 
get the person convicted, and some of it will be presented by the defense who is seeking the opposite. The 
prosecution and the defense will maybe challenge each other's evidence, and each trying to achieve their 
objective. 




Illustration 8 : Differences in Juristic Procedures 
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Now, the court is presided over by a judge. In many countries that base their legal system on England, the 
decision of whether the person is guilty or not guilty is taken by the jury. The jury is essentially a committee 
formed usually somewhat at random from local citizens. The history of the jury system goes back many 
centuries, indeed. The jury system is still used in the United Kingdom, in Australia, in New Zealand, in the 
United States of America, and in many of these places, it is regarded as an absolute cornerstone of the 
legal system. In other countries, including Singapore, the jury system has been abolished. In those countries, 
the decision of guilty or not guilty will be taken by a judge or a panel of judges, but the fundamental system is 
the same. The prosecution and the defense each try to make their case, based on the evidence in the court. 

Another inheritance from English law is the presumption of innocence. If you are charged with a crime, if 
you are accused of a crime, the legal system must assume you are innocent, until you are proven guilty. 
Essentially, there is a default setting, and the default setting is innocent This means that it is the job of the 
prosecution to prove guilt. The defense does not have to prove innocence; essentially, they simply have to pick 
holes in the prosecutions case, therefore, that they cannot prove guilt. Now, any case presented by the 
prosecution you can raise any kind of doubt about that case, but the law does not allow any kind of doubt; it 
has the concept of reasonable doubt. 

If the defense can raise reasonable doubts about what the prosecution is saying, then the accused must be 
found not guilty. This case is a very good example of this idea of reasonable doubt. 

2.4 Felicia Lee Case 

Felicia Lee was born in Singapore. She was educated in part in Australia, and she ended up in the 
United States of America in Los Angeles. She had a boyfriend called Randone, and they were living together. On 
September 11, 2009, Randone made a 911 call to the emergency services, asking them to come to the house, 
because Felicia Lee was dead. Okay, they arrived, she was dead, and her body was taken away, of course, for 
autopsy examination. When her body was examined, they found in excess of 300 what are called blunt force 
trauma wounds. Essentially, she had been kicked or beaten very savagely, in the opinion of the 
medical examiners. This is why Randone was charged not just with her murder, but they also added on the 
very unusual and very rare charge of torture. She had been tortured to death. 

The prosecutions case was quite simple. Flere is Lee, in the house, the only other person there is Randone. 
Fie had kicked her to cause these excess of 300 traumas, and then had killed her by smothering. It looks at 
first glance a pretty cut and dried case, but when a body is taken away for autopsy, the pathologist, the 
medical practitioner, will not only examine the body for the things that the police, the investigators, think 
caused the death. They will go through a whole series of standard tests, because they want to check whether it 
may be other possibilities. One of these standard tests that have done is blood chemistry. A blood sample is 
sent away for analysis. Felicia Lee's blood was found to contain a chemical called y-hydroxybutyrate, GFIB. 

The defense used this fact to provide reasonable doubt to undermine the prosecution's case. They called in 
an expert witness, an expert who had studied the effects of the drug GFIB extensively, and he testified in court 
that those 300 bruises on her body could have been caused by her having a seizure induced by this drug. Her 
death could also have been caused by the fact that she has an overdose of this drug in her system. 

Result: He was found not guilty. 

Let us look at that result. Did the defense prove that her death was caused by an overdose of the drug 
GHP? No, they did not prove it. The point is they do not need to prove it. All they need to do is to suggest that 
it is a possibility, and show to the jury that it is a reasonable possibility. That is what they succeeded in doing. 
That is all they needed to do, and Randone was found not guilty. 

3 Application of Forensic Science 

When forensic science is used in court, then the side, the prosecution or the defense, that is presenting that 
forensic evidence, has to convince the judge or the jury, depending on your system, of the validity of that 
forensic evidence. Sometimes it is difficult to convince the court of the validity of scientific evidence, especially 
because the members of the court, the judge and the jury, will generally not have any scientific training 
themselves. 

3.1 Walter Dinivan Case 

This case, which is from many years ago, illustrates the difficulty of conveying scientific evidence in the 
courtroom. This is a case from the town of Bournemouth in England back in 1939, and it concerns a man, a 
fairly wealthy man called Walter Dinivan. Fie was a 64 years old, he was found in his home unconscious, and his 
head had been bashed, therefore, his skull was crushed. Fie was rushed to hospital, but he died there without 
regaining consciousness. 
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In this crime, there is immediately a problem for the investigators in that there is only one witness to the 
crime, the victim, and he is dead. The investigators had to rely very heavily on forensic evidence, to try to 
prove their case. Of course, the crime scene is searched and investigated carefully, and the first thing that could 
be determined was the motive, because Dinivan's valuables from his safe and from his pocket were gone. It 
was clearly a robbery. They also found a crumpled up brown paper bag, and they suspected that the murderer 
had used this in order to hold the murder weapon, therefore, that he would not leave any fingerprints. On the 
floor, they found cigarette butts. The scenario that they pictured was that the murderer and Walter Donovan 
had been talking, smoking cigarettes, and the conversation had escalated into an argument, into a fight, and 
this had led to murder. 

3.1.1 Investigation 

In police work, forensic science is only one element of solving a case. There are always inquiries made by 
police officers, and the inquiries in this case led the police to suspect a local man called Joseph Williams. From 
their inquiries, they knew that normally Joseph Williams was a pretty hard up person with not much money, but 
suddenly he would come into money, and they suspected that the money that was now flashed in 
Joseph Williams's pockets was the money from Walter Dinivan. 

3.1.2 Discovery 

This was 1939, and a few years before an interesting discovery had been made, and scientists had 
discovered that you could determine the blood group of a person from saliva. Now, it is not true for everyone, 
but for a large percentage of the population, you can do this. If you have a sample of saliva, you can tell which 
blood group they are. 

3.1.3 Using new Technology 

Remember that the police have the cigarette butts from the floor. Therefore, they were able to extract saliva 
from the cigarette butts, test the blood group and, very luckily, they turned out to be the AB-group, which is a 
really quite rare group in the population. The obvious question therefore is, what blood group was 
Joseph Williams? Now Williams, of course, is not going to give this information, and not going to give a 
blood sample voluntarily, because he knows that it could lead to his prosecution. The police officer in this case 
was a very smart man. He knew Williams was someone who liked to drink. Therefore, when he observed that 
Williams went into a pub, he followed him in and offered to buy him some beer, and then to buy him some 
more, and gave him some cigarettes to smoke, and then some more cigarettes to smoke. At the end of the 
evening all the police had to do was to gather up the glasses and gather up the cigarette ends, send them off 
to the lab, collect the saliva off them, and analyze the blood group. Sure enough, William was found to have 
the rare AB-grouping. 

3.1.4 Further Investigation 

Therefore, the police have a motive, and they have reasonable evidence that links Williams to the 
crime scene. He was arrested, he was taken to court, he was charged, and the police presented their evidence. 

3.1.5 Defense 

The defense counsel was a very clever man. He looked at all the evidence being presented by the police, 
and he saw the weak point was the saliva. When he spoke in court, he cast scorn upon the idea that you can 
determine blood group from saliva, because, after all, blood is blood, and saliva is just a fancy word for spit. 
Therefore, it goes against common sense that you can tell blood group from a piece of spit. He was 
very persuasive, and the jury did not believe the forensic evidence. Therefore, they returned a verdict of not 
guilty, and Williams walked free. 

3.1.6 After the Trial 

Now we happen to know that Williams was the murderer, because, after he walked free, he went to 
celebrate, got drunk, and told the whole story to a journalist. The journalist of course could not publish the 
story, because there were no witnesses, and he would be sued for libel. Therefore, the story only came out 
years later, after Joseph Williams's death. You can see from the case study that persuading a jury of the validity 
of complex scientific evidence can be difficult, but maybe things have changed. Let us fast-forward to Singapore 
in 1996. 

3.2 Madam Jetkor Miang Singh Case 

3.2.1 Singapore, 1996 

Madam Singh was discovered murdered, killed by being stabbed in the neck. Just like in the Joseph Williams 
Walter Dinivan case, at the crime scene police found cigarette butts. Now, 1996 the technology was not there 
to do much. 
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3.2.2 Singapore, 2005 

The evidence was stored away, and almost 10 years later, in 2005, the evidence was dug out of storage. 
The saliva was extracted from the cigarette butt, and this time it is not blood group, it is DNA. DNA was 
extracted from the saliva, and it was put into the national DNA-database, and out popped the name of Kemat. 
He turned out to be very easy to find, because he was in the prison at time, would be serving a sentence for 
other offences. In 2005, the court accepted the scientific evidence, and Kemat was sentenced to an additional 
prison term for the culpable homicide of Madame Singh. 

Perhaps times have changed, perhaps now society is more accepting of scientific advances, and presenting it 
in court may be a little easier than it used to be. 

4 Limits of Forensic Science 

In a court case, when someone is being tried for a criminal offense, there are actually two things that have 
to be demonstrated. It is not sufficient to demonstrate that a criminal action was committed. It is also 
necessary to demonstrate that there was an intention to commit the criminal action. If there is a body lying on 
the floor with a knife sticking out of their neck, or a bullet hole through their head, then it is very obvious that 
something bad has been done, but it is also necessary to determine the intention. 

4.1 Actus Reus 

• first A guilty action 

• second Evidence from crime scene 

4.2 Mens Rea 

• f i rst A guilty mind or intention 

• second In someone's head 

Therefore, in legal terms there are two things that have to be demonstrated. The first thing is Actus Reus, 
the guilty action; the second one is Mens Rea, which literally means the guilty mind, or the intention. 

Now forensic science is very good at determining one of these, the Actus Reus, because the physical, the 
biological, the chemical evidence that can be acquired at the crime scene can allow you to indicate that what 
has been done, and who did it; often very well. Nevertheless, forensic science is not for at determining 
Mens Rea, the intention, and that is because Mens Rea is concerned with what is going on inside 
someone's head, and not in the physical world. Here is an example. 

4.3 Dick Cheney Case 



Illustration 9 : Dick Cheney Case 


The man on the left is Mr. Dick Cheney, the former vice president of the United States. The man on the right 
is a friend of his, Mr. Frank Whittington, a lawyer from the state of Texas. 

4.3.1 Quail Hunting Trip 

Back when Dick Cheney was vice president. One day he went out hunting with his friend Frank Whittington 
in the woods in Texas. They were hunting quail. Therefore, what we understand is that Dick Cheney was going 
ahead through the woods. He saw some movement in a bush, he turned and he fired, because he though there 
were quail there. Unfortunately, it was not quail that were causing the movement of the bush; it was his friend 
Frank Whittington, and therefore, he shot his friend Frank Whittington. 
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Could have shown that Dick Cheney shot Frank Whittington 

Now, there was never any question that Dick Cheney did it, and he never tried to hide the fact that he did it, 
but forensic science would have been very well placed to show that he did it. You could look at the footprints in 
the ground. You could look at the fingerprints on the gun. You could pull the pellets out of Mr. Whittington, etc, 
etc. Forensic science would have made a very strong case to show that Cheney did it. 

Why did Dick Cheney do it? 

However, why did Dick Cheney do it? Was it really an accident, or did he have some other motive? It was 
very clear from the case that it was a pure accident, but if you think about the case from the point of view of 
forensic science, none of that forensic evidence would have been able to tell you about whether it was an 
accident or not, because that is entirely within the mind of Mr. Cheney. 

4.3.2 Forensic Science 

Typically, this is the case. Forensic science will tell you about Actus Reus, but not about Mens Rea. However, 
later we will have a case study where this is not true, and the forensic science could indicate the true intention 
of the criminal. 

5 What is Forensics? 

Now we have talked about science, but what is forensics? Well, a very simple definition of forensics would 
be to say that it is the application of science to law. 

Actually, law is a very broad term, because it includes civil and commercial law, where there typically is no 
application of forensics. Therefore, it may be easier to narrow it down as the application of science to 
criminal justice, involving analysis of the physical, the chemical, and the biological evidence from the 
crime scene and elsewhere. As we have said, forensic medicine, distinct from forensic science, deals with 
crimes involving a human body. 

Now, one thing forensic science can help us do is to enable us to reconstruct what happened. 

We come to a crime scene, maybe it is someone's apartment. Things are smashed, there is blood on the 
floor, there are marks and stains, etc. Forensic science can look at all those marks and stains, all those signs, all 
that evidence, and build a story as to explain what happened as to create that scene. 

Forensic 

evidence 

4 -—--► 


Fibres Fingerprints Broken glass 

Flair Shoeprints Fibres 

Blood Paint flakes 

Illustration 10 : Forensic Evidence 

Here on the left there is a crime scene, here on the right is a suspect, and these are some of the evidence 
we can use. You might find fibers from suspect's clothes. You might find hair. There is broken glass here; 
therefore, you might find blood. There may be fingerprints, and if the ground is dirty then you might find 
shoe prints. Similarly, you can look at the suspect. For instance, you might find broken glass from the window, 
embedded in the suspect's clothes. If there is a carpet in the room you may find fibers from the carpet on the 
suspect, and you might find paint flakes, for instance, in his clothes as well. Therefore, forensic science can 
help us to reconstruct what happened, and it can also help us to link the suspect with the crime scene. 

Forensic science and also forensic medicine can also help us decide what is the charge involved in the case. 

5.1 Deciding the Charge (Koh Kailin Case) 

5.1.1 Koh Kailin 

In this very sad incident here, this young woman had a baby, but she did not want the baby, and what she 
did was to dump the baby down a garbage chute. Of course, the body was found, the mother was traced, and 
she was investigated. 
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If you dump a baby down a garbage chute the baby is likely to die, and the baby was dead when it was 
found, therefore, the charge should be a charge of murder, because essentially she would have killed the baby. 
However, of course, the body of the baby is sent for examination by the pathologist, and in this case, the 
pathologist was able to determine that the baby was very premature and, highly probably, had not been born 
alive. Therefore, this unfortunate mother had not dumped a living baby down the garbage chute, but had 
dumped a dead body down the garbage chute. That is still a criminal offense, but is so much less serious than a 
charge of murder. 

Here is a case where forensic medicine has reduced the charge from a serious one to a much lesser one. It 
can also go the other way. 

5.2 Bukit Merah Case 



Forensic medicine spe 


inconsistent injurie 


Boy run over by a trair 


Accident? 


Suicide? 


Illustration 11: Bukit Merah Case 


This is a case from Singapore in April of 1972. This picture shows the railway line that used to be linking 
Malaysia with Singapore. Then this incident, the train was coming in from Malaysia along the line. The driver 
noticed something lying on the tracks, but of course, trains do not stop that easily, and this train ran over the 
object before it could stop. The driver got out, came back to investigate, and discovered that he had run over a 
human body. Well, why would a body be on the tracks? It is possible that it is a suicide. It is also possible that 
it is a terrible accident, and if it is either a suicide or an accident, then the investigation will be wrapped up 
relatively quickly, and come to an end. However, a specialist in forensic medicine, it was Charles C. Chang 
himself, was asked to come down to the railway line to examine the body. He noticed that the condition of the 
body was not what you would expect from suicide or accident, and it was particular, because of what we would 
call the blood spatter. 

5.2.1 Blood Spatter 

In a living body the heart is beating, the arteries are pressurized. Therefore, if an artery is severed, for 
instance by being run over by a train, the blood is going to spurt out in considerable quantity. If the body is 
already dead, the heart is not beating, the arteries are not pressurized, therefore, if the arteries are severed by 
the train wheels the blood is not going to spurt out, and there will be much less blood at the scene. 

5.2.2 Police Investigation 

Charles C. Chang noticed that that was the case. There was not enough blood at the scene to be consistent 
with a living body. Therefore, he said this body was already dead when it was put on the track. The police 
organized a full investigation of the case. What had happened is, the boy had been murdered, and then his 
body had been put on the track to make it look like a suicide or an accident. When it was in fact a murder, the 
investigation indeed led to the apprehending of the murderer and his subsequent conviction in court. It turns 
out that this poor boy had been murdered for the few dollars that he had in his pocket. 


6 Locard's Exchange Principle 

We said that forensic science is the application of science to criminal justice, but the boundaries are not so 
firm. The boundaries are actually quite fuzzy, because many of the concepts and ideas of forensic science can 
also be used in other areas, in other fields. For instance, they can be used in art. 
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Illustration 12 : William Shakespeare (1564-1616) 

The picture above is a picture of the play writes William Shakespeare, and for many years, it was believed 
that this particular picture really was a picture of William Shakespeare, painted by someone who either knew 
him, or actually was looking at him at the time. That made it very valuable, because it was the only such 
painting in existence. 


Then someone did forensic analysis of the paint. They looked at the paint chemistry, they determined what 
kind of paint it was, and it turned out to be a kind of paint that had first been used in the year 1818. More than 
200 years after Shakespeare died. Therefore, it turns out that this painting was not so special after all, and we 
still do not know what Shakespeare looked like. 


Forensic science can also overlap with Archeology. We have said that forensic science can help you 
reconstruct the events of the past, and of course, that is what archeologists always seek to do. We will have a 
case study later on, which illustrates this point. Forensic science techniques can also be important in sport. For 
instance, in major sporting events, there is drug testing for the athletes, and this uses similar techniques that 
might be used, for instance, in a narcotics case. 



Illustration 13 : Mass Grave in Bosnia 


Forensic science can impinge on international politics. The picture above was taken at the sight of a 
mass grave in Bosnia. These poor people here were killed as part of the Bosnian conflict, and the investigators 
are trying to determine who they were, how they died, and who killed them. 

In addition, forensic science can come into play during disasters. In the 2001 tsunami that struck Ache in 
Indonesia and Thailand, and other places in the Indian Ocean, there were so many people killed, so many 
bodies that Forensic Scientists from the region had to be mobilized to help with the identification. 
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Forensic science, however, is not that new; it is 
roughly 100 years old. One of the interesting things 
about forensic science is that it was being done in 
fiction books, before it was actually being done in 
reality. Therefore, on the left you see the 
instantly recognizable Sherlock Holmes. If you read 
the Sherlock Holmes stories, you will find a 
great deal of good forensics science in them. 
Curiously, Sherlock Holmes was not created by a 
forensic scientist or a police officer, he was created 
by Sir Arthur Conan-Doyle who had just qualified as 
an eye doctor, and started writing the stories in 
order to pass the time while waiting for patients to 
show up. He turned out to be much more 
successful as an author than a medical man was. 



Illustration 14 : Sir Arthur Conan-Doyle Illustration 15 : Edmond Locard (1877-1966) 

We consider that the real founder of forensic science is this man here; a French professor called 
Edmond Locard. Here you see a very substantial quotation, which is attributed to Locard. Moreover, it really 
summarizes what forensic science is about. 


'Wherever he steps, whatever he touches, whatever he leaves, even unconsciously, will serve as a 
silent witness against him. Not only his fingerprints or his footprints, but his hair, the fibers from his clothes, the 
glass he breaks, the tool mark he leaves, the paint he scratches, the blood or semen he deposits or collects. All 
of these and more bear mute witness against him. This is evidence that does not forget. It is not confused by 
the excitement of the moment. It is not absent because human witnesses are. It is factual evidence. 
Physical evidence cannot be wrong, it cannot perjure itself, and it cannot be wholly absent. Only human failure 
to find it, study and understand it can diminish its value/ 

Therefore, this is a very powerful quotation. One of the most important parts of it is that final sentence. 
When forensic science goes wrong, when innocent people are sent to prison because of forensic science, it is 
not because the evidence, the physical evidence, the data collected from the evidence is wrong; it is because of 
the human factor. There is a human error somewhere in the chain, which has made that mistake. It is a 
very valuable quotation, but it is a very long quotation. Therefore, it is very helpful just to remember the short 
form of this quotation. 

Every contact leaves a trace. 

In addition, of course, when Locard uses the term trace, he is thinking of the traces in his quotation there. 
Some of them are very difficult to observe. Fingerprints can be fairly hard to find, fibers can be almost 
microscopic, tool marks can be hard to discern, and blood or semen stains can actually be invisible to the 
naked eye. Therefore, many of these traces, to which Locard refers to here, are very difficult to find. 
Sometimes, however, traces can be pretty obvious. 

Here is a curious case from the Times of 
London, where a burglar managed to leave his 
false teeth behind. Now, I have real teeth, I am 
no expert on false teeth, but I think you would 
notice if you did not have them in your mouth. 
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6.1 Elliott's Builders' Merchants Case 

Here is another case, and it is a case I like very much, because it actually comes from my hometown. My 
hometown is not the most interesting town in the world, but this is one of the most interesting things that have 
ever happened there. It concerns these builders' merchants called Elliott, round the back in their backyard, they 
had a big tank of diesel, and somebody would climb over the back of the yard and steal some of their diesel. 
Therefore, the manager decided to do something about it, and he put razor wire on top of that back wall. Soon 
after when the first employee came in one morning and went round the backyard, he noticed something rather 
unpleasant on the razor wire. It was a finger, which had been cut off. Now this was a very easy crime to solve, 
because it is a pretty obvious trace. All the police had to do was to go around to the local emergency room, and 
ask them if they had anyone there with a finger missing. In addition, the culprit was subsequently arrested and 
convicted of this crime. 

6.2 Roberto Calvi Case 



Illustration 16 : Roberto Calvi 


The case of the Italian banker, Roberto Calvi, is a very interesting case. It was forensic science that made it 
possible in this case to distinguish between murder and suicide. Now, Roberto Calvi used to run an Italian bank 
called the Banco Ambrosiano, based in Milan, and he was nicknamed God's banker. The reason for this 
nickname is that many cash from the Vatican would flow through his bank. There were some strange goings on 
within the Banco Ambrosiano, and it culminated with about $1.2 billion missing. Now, these days we are quite 
used to banks losing much bigger quantities of money than that, but back in the 1980 s , $1.2 billion was a 
very serious amount of money indeed. 



Illustration 17 : Blackfriars Bridge 


Therefore, what known is that Roberto Calvi disappeared from Milan on June 11, 1982, and he was found 
just over a week later in London. He was hanging by his neck from underneath Blackfriars Bridge, which is 
shown above here. What he had done is to get a false passport, shave off his mustache, adopt a false name, 
and escape from his problems in Italy to London. 

Now, the first appearance looks like a suicide. Here is a man in a lot of trouble. $1.2 billion is missing. The 
Italian police want to talk to him. The mafia is involved, they might want to talk to him, and also in most 
probability, the Pope is pretty mad at him as well. Clearly, it is a man trying to get away from his problems, 
cannot escape, and therefore, makes the ultimate exit. However, not everyone was convinced, and 
Roberto Calvi's son was convinced that his father had not committed suicide. An inquest had been held, and a 
verdict of suicide had been returned, but Roberto Calvi's son campaigned vigorously that the very unusual step 
of a second inquest was taken. 
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Let us look at some of the evidence here. What did the police find, when they investigated? 

Well, Roberto Calvi was hanging from the bridge, but he had bricks in his suit pocket. This does not make 
sense. If you are going to hang yourself, you do not need bricks. The weight of your body is sufficient. Bricks 
are what you would put in your suits if you were going to drown yourself in the river, which he did not do. In 
his wallet, he had a very large amount of money in various currencies. If you are going to hang yourself, if you 
are going to kill yourself, why do you need so much cash? After all, you cannot take the stuff with you. He had 
a false passport, therefore, he had the opportunity to travel, and when they checked his hotel in London, they 
found that his bags had been packed just as if he was going to travel. 

Let us look at the pathology. His neck was not broken. Well, that is consistent with a hanging, a non-judicial 
hanging. There were no drugs in his blood, there were no signs of a struggle, and the marks around his neck 
are consistent with hanging. There was no water in his lungs; therefore, he had not been drowned. He was wet 
quite a way up his body, but that is because the River Thames at that point is tidal, and the river level goes up 
and down. His watch, he was wearing a very expensive Philippe Patek watch, had stopped at 1:52, because 
even though it was expensive, it was not waterproof. Therefore, this gives an indication of the time when he 
was hanging from the bridge. 

A very important point was made by the investigator hired by Calvi's son. At this time, Blackfriars Bridge had 
been undergoing maintenance, and it was surrounded by scaffolding. Calvi was hanging from the scaffolding. 
This was yellow painted scaffolding, and what the investigator did was to go to the company that had supplied 
the scaffolding, he got the same scaffolding, he reassembled it, and he got someone to climb up and down that 
scaffolding. He found that whenever you climbed up and down that scaffolding, you would always get flakes of 
yellow paint and rust marks from the scaffolding on your clothes or on your body. What very interesting was is 
that there were no such marks or flakes on Roberto Calvi. Therefore, possibly he did not actually climb down 
the scaffolding to hang himself. There is the possibility that he was raised up to the scaffolding from a boat on 
the river. 

From all this evidence, we can ask all sorts of questions. Why a rope and the bricks? One is for hanging and 
one is for drowning. Where did he get the rope? Police investigations were never able to determine where the 
rope came from. How did he climb down the scaffolding without getting paint flakes on him? Then there is a 
very basic question! Why commit suicide in a rather cold, dirty river, when you could do it in a nice 
comfortable hotel? It has been established that suicides tend to try to make themselves comfortable in their 
final moments. Then there is a very big question. How did Calvi get from the hotel to the bridge? 



This is a map of London. His hotel was down in Chelsea, in West London. The Blackfriars Bridge is over on 
the East side by the city of London. There are plenty of bridges down in Chelsea. Why Blackfriars Bridge? 
Moreover, how did he get across the city? Inquiries amongst taxi- and bus drivers showed that nobody had 
seen him travel across the city that night. All of these questions raised up, convince the second inquest that it 
was not a nice, simple suicide. It was a much more complex case, and the likelihood was that Roberto Calvi had 
been murdered, presumably to keep him quiet. 

Well, establishing that a case is a murder, and proving who did the murder are quite different things. While 
the questions raised established that it was probably a murder, there was not sufficient evidence to convict 
anyone of the murder. When the Italian authorities charged some of Calvi's associates with a murder, those 
people were acquitted, found not guilty at the subsequent trial. Therefore, the question of who killed 
Roberto Calvi is still an open question. 
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6.3 Buck Ruxton & the Jigsaw Murders Case 

To be a successful forensic scientist you need more qualities than just your scientific knowledge and your 
ability to interpret the evidence. A really good forensic scientist will also have to be imaginative, creative, and 
innovative. This case, about Buck Ruxton and the Jigsaw Murders, illustrates how this kind of thinking can be 
essential to solve a case, which has a problem in it that has never been encountered before. 

The Buck Ruxton case starts back in 1935 in the little town of Moffat down in southern Scotland; it is a 
nice town where people go for a little holiday. Running through it is a river, and there is a bridge over the river. 
You can stand on the bridge, and enjoy the view. 

Someone was doing just that when they noticed these rather odd packages down in the river. When they 
were investigated, it was found that these packages were actually parts of human bodies wrapped up in 
newspaper, and presumably, someone had thrown them in the river to get rid of them. When all these 
packages had been collected up and opened, a problem very quickly became apparent. The question was 
how many bodies, because it was clearly more than one. The second question is, of course, who they were. 

In addition, this is why it is called the Jigsaw Murder, because the two pathologists, who came in to work on 
this case, their first task was like a jigsaw, reassembling all the parts into a certain number of bodies. When 
they had reassembled these human jigsaws, they could determine that they had two bodies, two female bodies, 
but where did these bodies come from? 

That question was answered by the newspaper wrapping. Now, national newspapers in the United Kingdom 
are mostly printed in London, and then distributed across the whole country. They are not particular to any 
particular place. However, this murderer had made a mistake, because some of the newspaper wrapping had 
been from a special edition of the newspaper that had been printed for the town of Morecomb down in 
Lancashire. The police officer in Moffit has to call his counterpart in Morecomb and ask him the very simple 
question, do you have two women missing. Sure enough, the Morecomb police were aware of the two women 
who had recently gone missing; a 'Mrs/ Ruxton and her house cleaner Mary. I put the term Mrs. in quotation 
marks, because she was not actually legally married to her husband, Buck Ruxton, which back in 1935 was a 
little bit scandalous of course. 

6.3.1 Skeletal Remains 

The two medical examiners, the pathologists, had resembled the bodies, and now the police had two 
possible identities for the bodies. Therefore, this shows one of the bodies here, and you can see that a lot of 
the flesh, including all of the possible distinguishing marks, which would have enabled you to identify the body, 
have been removed. 

The police and the pathologists were given then the unknown task of identifying the body; therefore, they 
developed a new technique. What they did was to go to the Ruxton home down in Morecomb, and they looked 
for photographs of the women. Of course, when a photograph is taken the subject of the photograph will pose 
at a particular angle, and hold still while the photograph is taken. What they did was to take the skulls from the 
river, hold those skulls at exactly the same angle that is in that photograph, take a picture, and then they 
superimposed the two photographs over each other. In addition, here is the result. 



Illustration 19 : Body Identification by Superimposition 


You can see there is Mrs. Ruxton. You can see her face. You can see that typical 1930's type of hat and you 
can see the skull. You can see there is a perfect matchup between the face of the skull and the face of 
Mrs. Ruxton. This is the technique they used to try to prove that the bodies were those of Mrs. Ruxton and the 
house cleaner Mary. Buck Ruxton was arrested. 

This was not the only evidence, of course. When his house was examined, there were bloodstains 
everywhere, for instance. Therefore, there was certainly evidence that something horrible had happened in his 
home. He went to trial. He claimed he was innocent, but the jury thought otherwise. He was convicted of 
murder, and he was sentenced to death by hanging. 
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The case was a little bit controversial at the time and some people writing in newspapers claimed that this 
evidences here, these photographs, this was not good enough to convict someone of murder and send them to 
hang. However, the controversy was ended by Buck Ruxton himself. On his way to execution, he confessed. He 
had done the murders, and that confession fully validated a new technique that these innovative pathologists 
had used in this case. 

7 Forensic Laboratories 
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In the first part of the 20 th century, police forces around the world started to set up their own specialized 
forensic laboratories. One of the first, of course, was in Lyon, set up by Locard himself, and then 
other countries and Europe followed suit. Also in the United States laboratories started to be set up. Therefore, 
by 1932 the FBI has set up a national laboratory in the United States, and a few years later Scotland Yard's lab 
was set up. Singapore's facilities were set up much later. Chao Tze Cheng, who we have already mentioned, 
started his work in the 1960 s , but even as early as 1929, there was a chemical analysis service available to the 
Straits Settlements Police. Nowadays Singapore's facilities are all part of the Health Sciences Authority. 
Therefore, I think we have already realized that forensic science is a very, very diverse subject. 

A forensic science laboratory would contain within it many different units to handle all sorts of different kinds 
of science. In this section, we will talk about some of those different units that might be in a forensic science 
laboratory. While some of them are clearly essential for any forensic science lab, others would only exist in the 
more specialized or more extensive laboratories, and a few might be separate skills, which would not be in a 
forensic science lab itself. 

A forensic science lab would be likely to have some kind of physical science unit, and such a unit would 
handle many chemical and physical analyses including chemical tests, spectroscopy, and microscopy. It might 
deal with drugs, it might deal with material fragments such as glass and paint, and it might deal with 
explosives, soil, a.s.o., collection of miscellaneous items. A biology unit might also exist. Forensic Scientists 
often have to analyze biological samples such as hair or, for instance, botanical samples such as plants. 

One capability that is essential is DNA. A forensic science laboratory nowadays has to have access to DNA 
analysis services, and we are going to have a separate lecture on that topic. A firearms unit might be important 
as well; how important, of course, depends on which country you are living. This unit would deal with guns, 
would deal with bullets, and would deal with cartridge cases, a.s.o. 

Documents; some forensic science laboratory have a specialized group to look at documents to determine 
whether documents have been faked or forged, and these might have experts who specialize in the analysis of 
handwriting, print, paper, ink, etc. Another specialized unit that some places will have is a photography unit. 
Not only is photography important for recording evidence and then presenting the evidence, there are also 
specialists who can analyze photographs to see whether they are genuine photographs. 



If you take a look at this photograph, it shows the late leader of North Korea. There was a time when he 
disappeared from public view, and there was much speculation in the West that he was ill. To attempt to 
dampen down the speculation the North Koreans issued this photograph, but if you look at it carefully, you 
notice a few oddities about it. 


-25- 














































CSI & Forensic Science 



For instance on the left and the right of the photograph, you can see a black line running along the wall, but 
that black line does not run behind Mr. Kim. You can also see that this photograph was taken when the sun was 
at a low angle, either early morning or late afternoon, and you can see the shadow of the soldier's legs, but 
curiously, the shadow of Mr. Kim's legs is at a quite different angle to the other shadows. These are things that 
a photographer could see just by inspection, but a more careful analysis reveals that the pixels that make up 
the photograph do not match. The pixels near to Mister Kim's ankles do not match the pixels on the wall just 
next to it. Therefore, the conclusion is that this photograph is not a genuine photograph. It has been 
photo-shopped. 



Here is another photograph, which caused a great deal of controversy over many, many decades. This is the 
so-called Surgeon's photograph taken in 1934 on the banks of Loch Ness in Scotland, and it purports to show 
the Loch Ness monster swimming in the lake. 

Analysis of this photograph could not reach a conclusion. It turns out that the photograph is absolutely 
genuine. There was no tampering with the photograph. In this case, it is the monster that is a fake. It was a 
model monster, and somebody just put it in the lake and photographed it. It took many years for it to be 
exposed as a hoax, and that is because the man who did the hoax did not confess to it until he was on his 
deathbed, which turned out to be 60 years later. 


Toxicology is another important capability to have access to, and this involves the analysis of body fluids. For 
instance, if someone is found dead on their bed, and there is an empty bottle of sleeping pills next to them, 
then, of course, you are going to analyze the blood or body fluids of that person to see if there is a 
high concentration of whatever drug is in their system. 


Fingerprinting is very important. The police, or the forensic science laboratory, have to have access to 
technology, not only the expertise to look at fingerprints, but also the technology to make fingerprints visible as 
not all fingerprints are immediately visible. This will be the subject of another lecture. 

On TV shows, you often see the polygraph, or the lie detector, and some laboratories or police forces will 
also have this facility. Therefore, it raises the interesting question of; can we detect a lie using science? Well, 
you can try, but generally, most jurisdictions do not accept polygraph results as evidence. 
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Illustration 20 : Osama Bin Laden 


A very specialized form of forensic science is voiceprint analysis. If the only thing you have that is purports 
to come from someone is the sound of his or her voice, can you prove that that voice actually came from that 
person? When Osama bin Laden was still alive occasionally audio recordings, reportedly of him, would start to 
circulate, and agencies such as the CIA would do a voiceprint analysis to see if they really were from bin Laden. 



Illustration 21: Howard Hughes 


This technology was also used in the 1970 s concerning the eccentric, reclusive millionaire or billionaire, 
Howard Hughes. In 1971, an author called Clifford Irving was claiming that he had a manuscript, which was the 
authorized biography of Howard Hughes. He was paid a very large sum of money by one of the big publishers 
for the rights to this authorized biography. 

When Mr. Hughes heard about this, he was clearly quite upset, because he had not authorized 
any biographies, and he denied that this was the authorized biography. To make his denial he had to do it by a 
teleconference. He was an extreme recluse. He never appeared in public, and at the time, he was staying in a 
luxury penthouse in the Bahamas. Therefore, the assembled journalists could listen to his voice over the 
telephone line coming from the Bahamas. Nevertheless, how do you prove that it really is Howard Hughes' 
voice? Well, of course this was done by voiceprint analysis. When the recording of Hughes at the teleconference 
was compared to a recording of him speaking many years before, it was confirmed that it really was his voice. 
Consequently, the author of the so-called authorized biography was subsequently convicted for fraud. 

Another technique sometimes used by police forces is psychiatric profiling, and this is trying to tell 
something about the criminal from the way that the crime has been committed. This probably would not be a 
facility in a forensic science laboratory. An expert psychiatrist would be called into the case, and we will have a 
little discussion of this in one of the later lectures. 

Computer forensics is becoming increasingly important. A large part of computer forensics is retrieving data 
that has been deleted from computers. In addition, as data is transmitted round the world electronically, it is 
also following that electronic trail to find out where people have gone. 

Forensic Engineering, this is not a subject that a forensic science laboratory would likely to have. This would 
be done by a professional engineer, who was qualified or experienced in this area. Therefore, what is 
forensic engineering? 
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Illustration 22 : Forensic Engineering 


For example, in the picture you can see the 1-35 Bridge in Minneapolis, Minnesota, which collapsed in 
August 2007. Forensic engineers were called in to determine why the bridge collapsed. The initial theory that 
went round in this case was that it was due to the corrosive effect of pigeon droppings, but it was later 
concluded that it was actually a design fault when the bridge was originally built. 

Forensic entomology; entomology is the study of insects and forensic entomology is where you use the 
insect population of the crime scene to gain some information. In addition, again, we will talk about this subject 
in a later lecture. 

Forensic geology is soil analysis. We will have one example in a later lecture. Curiously, forensic geology is 
something that is much more common in Sherlock Flolmes stories than in real forensic science. 



Joseph Sehexnider 


Now, forensic anthropology is quite an important topic, and this concerns the analysis of skeletal remains. If 
a skeleton is found it has to be identified, and it is usually the job of a forensic anthropologist to do this. 
Skeletal remains do appear if somebody dies in a place where nobody ever goes. Then the body can 
decompose, and by the time, it is finally found all that remains is a skeleton. For instance, in 2011, a bank in 
Abbeville, Louisiana, was doing some serious renovations to their building. They had an old building, and it 
included a proper old-fashioned chimney. When they knocked open the chimney, they found a human skeleton. 
This was subsequently identified as being the skeleton of this man, Joseph Sehexnider, who disappeared more 
than a quarter of a century before, in 1984. In this case, the forensic anthropologists were able to identify 
whom the skeleton belonged to, but, of course, any evidence about how he died or why he was in the chimney 
had disappeared. 


A 


m 


Karen Price 

One of the techniques that a forensic anthropologist will use is called facial reconstruction. What they do is 
to take the skull and then rebuild the flesh on the skull, therefore, that you can see what that person looked 
like when they were alive. Sometimes this technique is remarkably successful. Flere, for instance, on the left, 
you can see the reconstruction; on the right, you can see the real person. 
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In this case, the skeleton was found rolled up in a carpet. The forensic anthropologist also had the bonus 
that the hair was preserved, which can make a big difference to the appearance. Therefore, after the face was 
reconstructed, the image was shown on a TV program. People called in and said they recognized the person. 
Once the police had the name of the victim, they could then start the investigation into what had happened. In 
this case, it leads to the conviction of the murderer. It is not always so easy. 



Alexander Fallon 


In this second case, here on the left you can see the person. He was killed in the terrible underground fire at 
Kings Cross station in London in 1987. The reconstructed face is on the right, and it took more than 15 years 
before family members came forward and made the identification. In this case, it is possible, because the man 
was much older than had been expected, and it is very difficult to tell about age accurately from 
skeletal remains. Now, both these cases I have shown here, the facial reconstruction is done using 
modeling clay. Nowadays, of course, it can be done by computer, and it can be done electronically. 

Odontology is surprisingly important; it is the study of teeth. Many times teeth can be used to identify 
people by comparing the teeth in the head or the skull with whatever dental records are available. Sometimes 
Odontology comes in with other uses. 



Illustration 23 : Ted Bundy 


This is Ted Bundy. He was one of the most famous serial killers in the United States of America, and he 
specialized in young female college students. Bundy was a pretty clever person. He was actually a law student 
in himself. He was very careful to make sure that he never left any evidence behind, but he made a mistake in 
one case; he actually bit one of his victims, leaving his tooth marks in the body. With an order from a judge the 
police were able to force Bundy to give a tooth impression, and when that was compared to the bite mark in 
the body it proved that Bundy had been the murderer. Ted Bundy was executed in January 1989. 

7.1 Acid Bath Haigh Case 

Now, teeth do not have to be real teeth, they can also be false teeth. This is the story of J.G. Haigh, 
nicknamed acid bath Haigh, who was finally convicted of his crimes back in 1949. It has believed that he killed 
nine people, but the person who led to his capture was an elderly woman called Olive Durand-Deacon. Haigh 
lived in a hotel in London, but he also had a shed out in the countryside, and he lured Mrs. Durand-Deacon to 
his place in the countryside with some talk of investments and business of some kind. 

Haigh was a fairly clever man, but not a very clever man, and he had heard this concept that it is not 
possible to have a conviction for a crime without a body. Unfortunately, he had misunderstood the concept. The 
concept is that there must be the body of evidence to prove that a crime had occurred, but Haigh took it 
very literally, and thought that it had to be a real body, and if there was no real body then there could be no 
murder charge. Therefore, what Haigh very carefully did was to make sure he destroyed the bodies of all his 
victims, and he did this by dissolving them in concentrated sulfuric acid. He would put the body in a drum with 
concentrated sulfuric acid for several days; come back later when the body had dissolved, and simply pour the 
whole mess down the drain. When Mrs. Durand-Deacon had disappeared and the police were called, they went 
to Haigh's place to investigate, and they found two items that proved to them that Mrs. Durand-Deacon had 
been murdered. One was a gall-stone, and the other one was her false teeth. Both of these items are quite 
difficult to dissolve in sulfuric acid. Of course, false teeth are highly individualized; therefore, simply taking the 
false teeth to Mrs. Durand-Deacon's dentist they could identify them, and prove that it was she. 
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8 Reconstruction & Re-Enactment 

Now that we have seen how diverse forensic science is. We have talked about the different units that may 
be present in a forensic science lab. Let us take a look at identification and individualization. 

Therefore, one task for Forensic Scientists is to identify things. If something is found at a crime scene can 
they answer the question, what is it? Sometime this is going to be easy simply by looking at it. Other times this 
might need a battery of chemical or biological tests to determine what this item is, and whether it is relevant. 
After an item has been identified, then can it be classified? 

Therefore, this is class characteristics. These are characteristics that put an object in a certain subgroup or 
class. However, it does not mean we are going down to determining a single source for that object. An 
example, for instance, would be a shoe. A shoe is obviously a shoe, but what brand the shoe is? What type of 
shoe is it? Is it a man's shoe or a woman's shoe? 

If you find a fiber at a crime scene, what kind of fiber is it? Is it a cotton fiber, a wool fiber, a nylon fiber, 
etc? If you find a bullet at a crime scene, what kind of bullet is it? Particularly, what caliber is it? Therefore, 
these are class characteristics, and these start to narrow down the object in question. 

Ideally, what we want to get to is individualization. That is where you start from a classification, and you 
narrow it down to one. You identify a brand of shoe, and then you narrow it down to a particular person's shoe. 
This, of course, is not always going to be possible, but it is something that we strive to do. For a 
physical object, for instance, such as a shoe or an item of clothing, you might find out who is the manufacturer. 
If it is, for instance, a tool you might look for a serial number and objects may carry fingerprints on them. If it is 
something of chemical origin then you might look at trace elements or impurities within that object to do this 
narrowing down. For biological samples, blood for instance, you will try to individualize it by using the 
blood type or by DNA analysis. 

Therefore, we come back to this idea of comparison leading to association. Evidence found at the 
crime scene would be compared to evidence found on the suspect and similarly vice-versa. If those 
comparisons are successful then you can associate that suspect with that crime scene. 

Reconstruction 

• Understanding past events 

Re-enactment 

• First Part of reconstruction 

• Second Re-do one of the events 

Now we have said that forensic science is about reconstructing the events that happened in the past, and 
that are gaining an understanding of the sequence of past events essentially, therefore, that you can tell the 
story of how the incident occurred. This, of course, is not the same as re-enactment. 

Re-enactment may be part of reconstruction, but re-enactment is taking it further, where you actually go 
back, and you redo one of the events. You might use re-enactment when the events, include something that is 
beyond your normal experience, or where there is some special phenomenon that you want to test, and it is 
only by re-enacting it that you can be sure of what really happened. Re-enactment came in during the trial for 
the 2005 London bombings. 

8.1 London Bombing Case 


After the bombing 

You may recall that in July 7, 2005, four bombs exploded on public transport in the City of London, causing 
great injuries and death. In fact, 52 people were killed in that incident. 
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What is less well remembered is that two weeks later there was a repeat event, four bombs were detonated 
on public transport, but on this occasion the bombs did not explode properly, and the terrorists could be 
arrested. Now, on couple of days later, a fifth bomb was discovered, and this bomb had been abandoned in 
West London. It is from this fifth bomb that the Forensic Scientists were able to know exactly how these bombs 
had been constructed, and what they were made of. As you can see from the very simple diagram there, they 
included the detonator embedded in a quantity of homemade explosive. 


Detonator 


Home made 
explosive 



Now, the five bombers are shown here. Four of them who had actually attempted to detonate their bombs, 
and one who had abandoned his bomb. 



There were numerous forensic links and CCTV evidence to show that these five people were the bombers, 
but when this came to court, and the defense lawyers for these people had to come up with a defense, it was 
simply not possible for them to claim that these people had not been trying to detonate these bombs. The 
defense came up with was concerned with the motive. They came up with that these bombs were not 
real bombs intended to kill and aim people and cause destruction. These bombs were just hoax bombs, and 
that is why they did not really explode. They were hoax bombs, and it was just a protest of 
government's policy. 

Really, the case comes down to Mens Rea. What was the intention of these people? 

In the earlier section we said that forensic science is usually not very good at determining aspects of 
Mens Rea, but in this case it turned out it could. It comes down to a question of the construction of the bomb. 
Were the bombs built for hoaxes, or were they really built to cause destruction. The fifth bomb enabled the 
Forensic Scientists to reconstruct one of these bombs, and then do a re-enactment of the explosion. Clearly, 
this was not a hoax. This was an intention to cause death and destruction. 

8.2 Brides in the Bath 



Smith's wives 


D\ed the same way 1- I Took a bath 

fi 

>!f Had an epileptic fit 


Drowned 

No sign of struggle 
or bruising 


Bathtub 


A much earlier example of re-enactment comes from the case of George Smith, and this is the famous 
'Brides in the bath' case. Now, Smith, it seems, had worked out he could earn a living by marrying women, 
stealing their money, and murdering them, but his scheme came unraveling in 1914 with the death of his wife 
Margaret Lloyd, who drowned in her bath leaving him 700 pounds of insurance money. Somebody realized that 
the same thing had happened before to Alice Smith in 1913 and to Betty Williams in 1912. 
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All the women had died in the same way; they had been taking a bath, and apparently had an epileptic fit in 
the bath. This had caused them to drown without leaving any signs of a struggle or bruising on the body. Now, 
if it happens once, it is believable, but when it had happened so many times, and it turns out that George Smith 
had married a total of seven women, there were suspicions. The question comes down to; did those 
three women really drown accidentally in the bath due to an epileptic fit, or were they somehow drowned? 

Now, if someone is in the bath, and you try to drown him or her by pushing their head underwater, they are 
going to struggle, and that is a violent struggle. That would leave a lot of bruising, and there was no bruising 
on these bodies. Then the idea came about that maybe Smith had used a very clever technique for drowning 
these women, and that is by grabbing their feet and pulling violently on their feet, therefore, that their head 
went very suddenly under water, and the water would rush up their nose. The suggestion was that that would 
cause rapid unconsciousness without any signs of a struggle. How do you tell? 

Well, the man called to investigate this aspect was someone we met already in this course, 
Sir Bernard Spilsbury. Sir Bernard decided the only way to test this theory was by re-enactment. He got some 
woman divers to volunteer. They got in the bath, he pulled their feet, their heads went underwater, and sure 
enough, they rapidly became unconscious without any struggle. It was a very effective technique, and it was 
apparently quite difficult to revive some of these volunteers afterwards. Fortunately, they were all revived. 
George Smith's victims were never revived, and therefore, George Smith was convicted of murder, and he was 
sent to hang. 

8.3 Gareth Williams Case 

Your re-enactment, of course, is only going to be as good as the people doing the re-enactment. Therefore, 
this is a very curious case, which hinges on a re-enactment, that is the death of Gareth Williams back recently 
in 2010. It became a big story in the media, probably because of Gareth Williams' occupation. He was a 
cryptographer working for British Intelligence, and he was found in his apartment in August of that year. He 
had been dead for 9 days. 

When the apartment was investigated, and when the body was examined, there was no signs of any 
struggle. There was no trace of poisoning, and there was no sign of asphyxiation. Now, where was the body 
found? 

It was in a sports bag, not a very big sports bag. It was padlocked on the outside, and it was in the bath. If 
you look at the situation then surely Gareth Williams must have been locked in the bag by someone, because 
the lock was on the outside. However, how do you prove this? 

Some yoga experts were brought in to re-enact this scene, to find out whether someone could lock 
themselves in a bag, and a padlock them on the outside. The yoga experts were unable to do this; therefore, 
the corner doing the investigation concluded that Gareth Williams could not have locked himself in the bag. 
However, if you go on YouTube you can find another re-enactment of this situation where somebody succeeds 
in locking himself into the bag, because he knows the trick of how to do the padlocking. Therefore, what is the 
truth on the Gareth Williams case? 

Well, you go on YouTube. You can find the videos. You can watch them for yourselves, and make your own 
decision. All I will say is: 


Please, do not try this at home. 

9 The Wood Chipper Murder Case 

Possibly the most famous case involving a re-enactment is the so-called wood chipper murder case, 
involving Richard and Helle Crafts. Helle was a flight attendant for an airline, and Richard was a pilot. They met 
in 1969, and after a while, they got married. Richard was an airline pilot, and he earned a good living, 
therefore, he could indulge himself in all sorts of hobbies. He collected guns, he collected machinery, he 
travelled a lot, and he was even a volunteer police officer in his town and equipped his own police car. Maybe 
because of all this the family was having trouble with money. Helle was also becoming suspicious of her 
husband, and she hired a private detective to check up on him. The private detective turns out to be 
very important in this story. 



Helle Crafts Richard Crafts 
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Let us go to November 18, 1986. This was a very snowy day. They lived in Connecticut, where you could get 
a lot of snow. Helle was dropped off at her home after work and there were already 5 in of snow on the 
ground. The next day, when anyone called the Craft's house, only Richard would ever answer the phone. Helle 
did not answer the phone that day. On the early morning of November 19, Richard took their children and the 
children's nanny to his sister's house, and then he went back to their home. 

By December 1, nearly two weeks later, the Helle's private detective is starting to get worried, because he 
has not heard from her for some time. He contacts the police, and gets them to investigate the case. When the 
police come to talk to Richard Crafts, who of course is someone they know very well, because he has been a 
volunteer in their department, Richard claims that his wife has disappeared, she has run off somewhere. They 
even get Richard to take a polygraph, a lie detector test, which he passes. On searching the house, they find 
some carpet fragments, but they do not find any blood on them, but they do find that Richard has been making 
some rather strange purchases, recently. For instance, he rented a chainsaw, he bought a brand new freezer, 
and he had also rented a wood chipper machine. 

When the police go around making their inquiries in the neighborhood, a witness says that he saw a 
wood chipper being used, down by the local Lake Zoar. Now remember, this is November, there are 5 in of 
snow on the ground. Who would be out doing wood chipping in that kind of weather? 

The investigation came to a climax on Christmas Day when the police searched Richard Crafts' house, and 
on the mattress, they found bloodstains. When the blood type of those stains was taken it matched Helle's 
blood type which is 0+. This led them to think that some violent event had overcome Helle Crafts, and 
therefore, the search became more serious. 

Now they had the witness placing the wood chipper down on Lake Zoar. Therefore, they searched the 
riverbank around the lake, and they found some human hair. They found some letters, and then they decided 
to search the lake. Now, this is not a real lake, it is a reservoir with a dam. The people who manage the dam 
arranged it that the lake level was lowered, and the thing could be searched more easily. Now, what did they 
find in the lake? 


They found a chainsaw. In the chainsaw, there were traces of human tissue, human hair, and also blue 
clothing fibers. They were able to get the serial number off the chainsaw, and it turns out that this chainsaw 
had been the one used by Richard Crafts. In the lake, they also found 2,660 strands of bleached human hair, 
which matches Helle's hair color. They found 69 slivers of human bone, and they could get a blood type from 
that bone and, again, that was 0+. They found some blood, they found two teeth, one of which they could 
confirm was Helle's. They found a piece of human skull; they found three ounces of human tissue. The 
largest piece they found was part of a finger, shown here. 
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They also found a fingernail, and part of a toenail. At this point, they had enough material found in the lake 
to conclude that Helle Crafts had been murdered. In January, Richard Crafts was arrested, and bail was posted 
at the very large sum of $750,000. The police then set about reconstructing how Richard Crafts killed his wife. 

Now remember, the drops of blood had been found in the bedroom, therefore, they suggested that she had 
been beaten to death in the bedroom, during the early morning of November 19. The police then suggested 
that Craft had put his wife's body in the freezer, to preserve it while he prepared for its disposal. Now he had 
made up a story about some electricity problem, and he used this as an excuse to take the children and the 
nanny to his sister's house, which is in Westport down the road. He dropped the children and nanny off at 
Westport, and then he had returned to his own home back in Newtown. 

Of course, he was alone in the house, and he could do whatever he wanted. It is believed that he took 
Helle's frozen body to a secluded property that he had outside Newtown, and he used a chainsaw to cut up the 
body into smaller parcels. Then later, under the cover of darkness, it is believed that Crafts took the parts of 
the body down to Lake Zoar, where he used the wood chipper to cut them up even smaller. Now, what needs 
to be re-enacted? What part of the story was beyond our normal experience? It is a very simple question. What 
is the effect of a wood chipper on a human body? 
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In order to investigate this, the police decided to use a reconstruction. Obviously, they cannot call for 
volunteers, and what they used was the carcass of a pig. They used the same chainsaw, they put the 
pig carcass through a wood chipper machine, and here is the result. 



On the left, there is the wood chipper, and on the right, you can see what has left of the pig. In the center 
of the picture, you can see the very distinguished forensic scientist, Henry Lee, who was called in on this case. 
You can see from this picture here very clearly that the kind of material, the kind of human material that they 
found under the lake, is consistent with the effects of a wood chipper. If we look at all this evidence, and there 
is a network of evidence, we can see that Helle is linked to the chainsaw by the hair, the tissue, and the fibers. 
Richard is linked to the chainsaw by the rental records after reading the serial number. Haley is linked to the 
wood chipper by hair and tissue, Richard is linked to the wood chipper by the rental. Helle is linked to the lake 
by the body parts and tooth found in the lake, and, of course, the witness places the wood chipper at the lake. 
The result was that Richard Crafts was convicted of murder. He was sentenced to 50 years in prison, and he is 
still in prison today. 

lOSummary 

On this first introduction lecture, we have covered a lot of material. We have seen some of the 
different types of forensic work, and some of these we will go into in more detail in later lectures. You have 
seen this idea of comparison and association, and you have seen some examples of reconstruction and 
reconnect, re-enactment, but from this introduction lecture, if you only take home one message, that message 
should be Locard's Principle, that every contact leaves a trace. 
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Chemical Analysis in Forensic Science 

1 Introduction to Atomic Structure 

The topic of this lecture is spectroscopy and the structure of atoms. Why do we need to know about these 
subjects for forensic science? 

In forensic science when you want to identify an object, often you need to know what it is made of. One of 
the aspects of knowing what it is made of is the knowing which of the chemical elements are present in that 
object or that sample. Spectroscopy and the structure of atoms is the key knowledge for understanding how we 
can determine which elements are present in a sample. 

1.1 How we can do Elemental Analysis on a Sample? 

When and why would we want to do elemental analysis in forensic science? Forensic science is a 
pragmatic science; it is a pragmatic subject, therefore, the answer to the question of when you would want to 
do an elemental analysis is - whenever it gives you the information you need to proceed with the investigation. 
Here are three examples. 

1.1.1 Poisoning: 

• Suppose there is a suspicion that someone has been poisoned with a toxic element such as As, or a 
heavy metal such as Pb or Cr. Then you would want to analyze the body fluids for the presence of 
those elements. We will talk more about this in the lecture on Toxicology. 

1.1.2 Time of Death: 

• Another example is going to be in our lecture on determining the time of death. Analyzing the 
chemistry of bones can give you information about how long those skeletal remains have been in the 
ground. 

1.1.3 Firearms and Bullets: 

• We will also see that analysis of the elements present in bullets can give us important 
forensic information about the use of firearms. 

At the end of this lecture, we will look at three cases in which the analysis of the elemental composition 
prove to be very important. One of those cases is the investigation into the body part that was found on the 
banks of the River Thames. This was back in 2001. Another case is the investigation into the assassination of 
U.S. President John F. Kennedy, and in particularly in trying to answer the question of how many people fired at 
the President. In addition, the third case is investigation into the death of the Emperor Napoleon. 

1.2 What is an Element? 
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Illustration 24 : Robert Boyle 

The ancient Greeks considered that matter was made up of four elements. That concept was discarded long 
ago, and our current concept of elements comes from the Anglo-Irish chemist Robert Boyle who lived back in 
the 17 th century. Boyle's proposal was that elements are substances that can neither be created nor destroyed. 
We will see this concept that elements cannot be destroyed is very important in forensic science. He also said 
elements are substances that cannot be broken down into simpler materials. Therefore, they are the basic 
building blocks for all the material that are around us. 
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Boyle's concept of what is an element has served us until today, though we have to clarify a little bit. When 
we say cannot be broken down, it means cannot be broken down by chemical means. Of course, elements can 
be created and destroyed in nuclear reactors by nuclear means. Therefore, the Greeks have their four elements. 
How many elements do we consider there are now? 


There are 93 naturally occurring elements, and then there are additional elements such as Pu, for instance, 
that have been created by nuclear technology. Some of those naturally occurring elements are actually 
very familiar materials: H, for instance, 0 in the air that we breathe, C that is an essential element making up 
all living things. Then metals, for instance, like Fe, Ag, Zn, Sn, a.s.o., which we come across in our 
everyday lives. These are some of the very common, naturally occurring elements. Then there are more exotic 
elements, which we have no contact in our normal lives, like U. That is one we have heard of, many more that 
most people have never heard of like Ir, Sm, Gd, Kr, Sb, a.s.o. 

These elements are the basic building blocks for all the materials around us. Let us go back to 
Boyle's notation that elements cannot be created or destroyed. Let us consider a piece of paper. Paper is made 
of cellulose. Cellulose consists of the elements C, H, and 0, therefore, atoms of those are assembled in a 
particular way, and that is cellulose. Suppose I burn a piece of paper, then all the C of the cellulose will be 
converted into C0 2/ all the H in the cellulose will be converted into H 2 0, but the atoms of C which were in the 
cellulose are still atoms of C. It is just they are now in C0 2 , and the atoms of H that were in the cellulose are 
still atoms of H, but they are present in H 2 0. 


If we consider a more complex object such as a human body, we are made up of many elements: C, H, 0, 
lesser quantities of N, P, S, Ca, Na, K, Fe, a.s.o. If you burn a human body the elements are not destroyed. It is 
just those elements will be converted into different forms. Therefore, C in us will become C0 2 , H in us will 
become H 2 0; N will probably end up as N-oxides, P as P-oxides, a.s.o. 

The elements themselves, their atoms are not destroyed, it is just they become a part of other molecules. If 
there are other elements in your body, for instance if you have Au- or Hg-fillings in your teeth, then Au will 
probably still remain Au after the body is burned, and Hg will become Hg-oxides. However, those elements, 
even though they are not naturally present in the body, are still not destroyed, and that means they can be 
detected afterwards. 
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Illustration 25 : Periodic Table of the Elements 

93 are many elements. The elements were organized back in the 19 th century into the famous periodic table. 
This was done by the Russian chemist Dmitri Mendeleev, and his periodic table is essential to understanding the 
chemistry of the elements. There are alternative ways to organize the elements. For instance, the 
Harvard mathematician and musician Tom Lehrer organized them musically, and his organization may not be so 
useful to scientists, but it is a lot more amusing. 

Let us talk about what things are made of, and let us consider the case of a bullet. Most bullets are made of 
Pb, but no bullet is absolutely 100 % pure Pb. The bulk composition, what most of it is Pb, it may be well over 
99 % Pb, but the bulk composition is not the whole composition. Any object will contain small amounts of 
trace impurities. Alongside the Pb that makes up this bullet there will be very small amounts of impurities. In 
the case of Pb, common impurities might be the elements Ag and Sb. These trace impurities can be 
very important, because while almost all bullets are made of Pb, that is common, the trace impurities will differ 
from one batch of bullets to another batch of bullets. Studying the trace impurities can help us identify where 
that bullet came from. When we are talking about analysis of elements, we are talking about two things. 
Determining what is the bulk composition, but also detecting and analyzing the trace impurities, those elements 
that are present in very small amounts, and often it is the latter that is more informative for forensic scientists. 
Therefore, how do we do it? 
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If you think back to high school chemistry then you will think of something like this, a row of colored 
test tubes where you dissolve stuff in acid, add reagents, see color changes and precipitates, and so forth. This 
technology was developed centuries ago, and we do not really use it any more. The problem with these 
classical chemical tests is that they require relatively large amounts of material, because you have to see with 
your own eye the result, they are destructive. You have to do chemical transformations on the material; 
therefore, the evidence is going to be destroyed in the test tube. 

They are also subject to interference, because we are talking about analyzing objects that contain 
multiple elements. The analysis for one element might interfere with another element, and you can get 
interference, and therefore, the result can be difficult to interpret and unreliable. On the other hand, they do 
have some advantages. They are often fast. They are often easy to do, and they require simple equipment such 
as a test tube, but, despite these three advantages, we no longer use them, because modern methods have 
superseded these old chemical tests. When we talk about small quantities, how small is small? 

Let us get an idea of how small 'small' can be by looking at the S.I. prefixes for units. In the S.I. system, the 
metric system, the basic unit of weight is g. Well, a g is not very much. Often, if we are buying stuff at the 
grocery store, for instance, you might find kg. Kilo is the prefix, which indicates 1,000, therefore, kg is 1,000 g, 
and if we want to go bigger, we have Mg, which is a million g. We usually refer it as a ton, but we are 
interested in smaller quantities. When we go down in size, we come to the mg. The milligram is Viooo of a g. A 
mg of material is typically big enough for you to see with the naked eye. If we go down another step, we come 
to pg. A pg is Vi,ooo,ooo of a g. That is an extremely small amount you cannot see it, but with 
modern techniques it is not difficult to be able to analyze for it. Below a pg is a ng. A ng is 71 , 000 , 000,000 of a g. 
Below that is a pg, a pg being Vi, 000 , 000 , 000,000 of a g. Therefore, a pg seems to be an extremely small amount of 
material, because it is only a trillionth of a g. However, even a pg is a lot of matter when you compare it to the 
size of an atom, therefore, 1 pg of material would contain about 100 billion atoms. It is a small amount, but it is 
still a lot bigger than an atom. 

When we talk about trace elements, we often refer to the amount of the trace element present in a unit 
called a ppm. Ppm stands for part per million. 1 ppm is 1 part in 1 million. If you have a ton of material, 1 g of 
that material would represent 1 ppm. To give you an idea of the scale of a ppm you consider Singapore. The 
population of Singapore is approximately 5,000,000 people. Detecting 1 ppm of the Singapore population would 
be equivalent to finding five people in Singapore. Therefore, a ppm is a very small amount. Finding five people 
in Singapore would be very difficult, but finding 5 ppm of a chemical component of a mixture is something we 
can do relatively easily with modern technology. 

Smaller than the ppm is the ppb. Ppb stands for part per billion. Therefore, 1 ppb is 1 part in 1 billion. To 
put this in a similar context, the population of the entire world is about, at the moment, 7 billion people, 
7,000 million, therefore, detecting 1 ppb would be finding 7 people in the whole world. Detecting elements at 
the ppb-level is also possible with modern technology. 

2 Structure of the Atom 



Illustration 26 : Natural Double Rainbow 

The key to doing analysis at such tiny levels is spectroscopy, and spectroscopy relies on the fact that when 
light is passed through a suitable material it is broken up into its component colors, which is the spectrum. This 
is something we are all familiar with; we have all seen a rainbow, and this is where white light from the sun is 
broken up into its component colors by raindrops in the air. 
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Illustration 27 : Spectrum after Light passes a Prism Illustration 28 : Isaac Newton 

The same phenomenon can be achieved using a glass prism. Here you can see white light passed into a 
prism, and broken up to give the spectrum. This phenomenon was investigated centuries ago. The 
British mathematician and physicist Isaac Newton, for instance, extensively experimented with this 
phenomenon. 



wavelength in nm 


Illustration 29 : Fraunhofer Lines in the Spectrum of the Sun 

Now in those days, of course, the only source of light bright enough to do these experiments was sunlight. 
People like Newton would use sunlight, and then observe the resulting spectrum. As the instrumentation 
improved, something very strange was noticed in the spectrum that was obtained from sunlight. Looking 
very carefully at these spectra, Fraunhofer, a German physicist, noticed that the spectrum was not continuous. 
Within the spectrum obtained from the sun, there were discreet black lines, and people wondered why these 
lines existed. 



Illustration 30 : Norman Lockyer 


It was realized that these lines were due to elements in the atmosphere of the sun, particularly H. As the 
light came out of the sun, light at particular frequencies was being absorbed by H. Therefore, these black lines 
were appearing at particular points in the spectrum. Now interestingly, not all of these lines could be matched 
to known elements like H. Some of the lines could not be matched to any element then existing on Earth. This 
led the astronomer Norman Lockyer to propose that there was a yet unknown element present in the 
atmosphere of the sun. 

Absorption of light by that element was causing these unknown lines, therefore, he named that element He. 
He became the first element discovered outside the Earth, rather than on the Earth itself. He was proved right, 
because later He was discovered on Earth in minerals, and it was found to absorb light in exactly the same way 
as did He in the sun. 
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Illustration 31: The Electromagnetic Spectrum 

We are not restricted just to visible light. Light makes up just a very small portion of what we refer to as the 
electromagnetic spectrum. This is in fact a very wide-ranging spectrum, which goes from the low energy 
radio waves through microwaves into the infrared. Then you have the very narrow band of the visible spectrum, 
then out into the UV, and on into X-rays and y-rays. 

While we are all familiar with rainbows and the visible spectrum of light, we can actually use almost any part 
of the whole electromagnetic spectrum for analytical purposes. However, to understand why it is possible we 
have to start looking at the structure of the atom. 



Illustration 32 : Plum Pudding Atom Model 


At the end of the 19 th century, there was a model of the atom, which is described as the plum pudding 
model. In this model, the atom was a large +charged object with -charged electrons embedded in it. Rather 
like the raisins in a Christmas pudding. 




Illustration 33 : Rutherford's Atom Model Illustration 34 : Lord Rutherford of Nelson 


This model was dropped based on experimental work, and Rutherford proposed a new model. In his 
new model, the atom consisted of a small, very dense, +charged core called the nucleus, which was found later 
to be made up of protons and neutrons. Almost all the mass of the atom is concentrated in that nucleus. The 
electrons, which are -charged, orbit around that nucleus. Most of the atom is free space, and the electrons are 
moving through that free space as they orbit the nucleus. 
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Now, there is a problem with this model, which needs to be explained. If you have this small dense 
+charged nucleus in the centre surrounded by these -charged electrons then the atom should destroy itself, 
because the positive nucleus should attract the negative electrons, the electrons should just collapse into the 
nucleus, and that is the end of your atom. 


n = 3 



Illustration 35 : Bohr's Atom Model 

However, atoms do not destroy themselves; they are stable. Therefore, a new theory was needed, and this 
was provided by the Danish physicist Niels Bohr, using the Quantum theory that had originally come from the 
German physicist Max Planck. In Bohr's idea the electrons were not free to move anywhere in the atom. They 
were restricted to particular levels. This is because energy is quantized. 




Illustration 36 : Nils Bohr Illustration 37 : Max Planck 

Energy is not a continuous function, but it exists in discrete little packages. In our everyday lives, we do not 
really notice this. Because these little packages, or quanta, of energy are so small compared to the scale on 
which we live our lives, we do not notice it, but down on the atomic or molecular scale this becomes indeed 
very important. Bohr said that electrons are restricted to specific energy levels. However, the electrons can 
move from one level to another. For instance, if the electron is provided with sufficient energy then it can jump 
up to a higher energy level by absorbing that energy. Similarly, if an electron is in a higher energy level it can 
drop down to a lower energy level, and release that energy (see ill. 35). 

The energy that has absorbed or released is often in the form of electromagnetic radiation, and sometimes 
in the form of light itself. The amount of energy that has absorbed or released must match exactly the 
difference between the two energy levels, and, according to the de Broglie equation, that energy is linked to 
the frequency of the electromagnetic radiation by a very simple formula. If we are talking about visible light 
then, of course, the color of that visible light is dictated by the frequency. 

3 Bohr's Concept 

Let us look at a very simple analogy for the Bohr concept. The energy levels around the atom are similar to 
the rungs of a ladder. If you are climbing up a ladder, you have to stand on one of the rungs. You cannot stand 
in the space in between. Therefore, the rungs of the ladder are as those allowed energy levels. If you are 
climbing a ladder, and you want to go up to the next higher rung, then energy has to be provided. The energy 
is absorbed by the system as you go up to the next rung. In terms of spectroscopy, it works like this. 
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Suppose you have a sample, you are passing a beam of radiation such as light through that sample, and you 
have a detector on the other side. As you scan through the different frequencies, the light is not absorbed until 
you get to the frequency of light that matches the energy difference between those energy levels. Then the 
light is absorbed, and the intensity of light coming out the other side of the sample drops. As the frequency 
moves on, the energy is no longer absorbed, and the intensity of light at the detector goes back to its 
original value. Therefore, this point in the graph where the light is observed would of course correspond to one 
of those black lines observed in the solar spectrum by Fraunhofer. This is what happens in terms of the atom. 

When you get to the right frequency, as you scan through the light source of frequencies, the electron can 
absorb the energy to be promoted to a higher energy level. This is called the excited state, and, again, AE, the 
change in energy as it goes up to the next level, is characteristic of that particular element. 
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If we go back to our analogy of the ladder, suppose you are at a higher rung on the ladder, and then you go 
down. Then, of course, energy is released. That energy matches the gap between the two energy levels. In 
terms of spectroscopy, it works like this. 



Suppose you have a sample, and you supply some form of energy to the sample in order to promote the 
electrons up to higher energy levels. Then as those electrons drop down to the lower energy levels light is 
emitted. If we use a detector to measure the frequency of the light, then we find that most frequencies are not 
emitted at all, because they do not correspond to the energy level differences, but we get emission at 
specific frequencies, which match those energy level differences. Therefore, in atomic terms, this is what is 
happening. 
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The energy we supply has promoted an electron, therefore, that the atom is in its excited state. As the 
electron drops down to a lower energy level, energy is given out in the form of electromagnetic radiation called 
light. Once again, the frequency of that radiation coming out matches the energy difference between those 
two levels. Here is an example of how to obtain an emission spectrum of an element. In this case, it is H. 



Illustration 38 : Hydrogen Discharge (Spectrum) Tube 


H is in the gas discharge tube. It is electrically energized into its Excited State. As the electrons in the 
Excited State drop back down, they emit light. If we pass that light through a prism, we obtain a pattern. We 
obtain a pattern that is mostly black, but with certain colored lines which matching the energy level differences. 


410 nm 434 nm 486 nm 656 nm 



Illustration 39 : Emission Spectrum of Hydrogen (Balmer Series) 


Now as this is H if we take this emission spectrum here, and we compare it to Fraunhofer's solar spectrum, 
we will see that some of these colored lines from the H-emission match some of the black lines in Fraunhofer's 
solar spectrum, which come from H-absorption. Therefore, we have two complementary methods. We can do 
absorption spectroscopy where we are looking at what kind of light is absorbed by a particular atom as the 
atoms go from ground state to excited state, or we can do emission spectroscopy where we are exciting the 
atoms, and we monitor what kind of light is emitted as they go back down to the ground state. 

Part of the Bohr model is that there are multiple energy levels for any particular atom. That means we are 
not looking at a single emission going from one single energy level to another, but we are looking for 
multiple emissions or absorptions, because we have multiple energy levels, and electrons can go between 
several of these. Therefore, that means for an atom we do not get a single line, but we get multiple lines just 
as Fraunhofer saw in the solar spectrum. 

For each element, the energy levels are different. That means the emission or absorption for one element is 
not the same as for another element; it is unique. The pattern you get from this multiple energy levels will be 
characteristic of a particular element. Analyzing the emission or absorption spectrum of an element is 
very much like taking the fingerprint of that element. A very simple way to see this phenomenon is to do what 
is called a flame test. If you take the salt of a metal, and you introduce it into a flame, a characteristic color is 
produced. That color depends on the element that you are looking at. For instance, the element Na gives these 
very distinct orange flames. 

What is happening here is that the energy of the flame is exciting the electrons in the Na-atoms; therefore, 
the electrons are going up to a higher energy level. When they drop back to their original energy level they 
emit light, and the energy difference happens to correspond to orange light. 

Different metals give different colors, because their energy levels are at different positions. Ba, for instance, 
gives this green color usually described as apple green. Ca gives red flames, Li also gives red flames, but it is a 
slightly different red. Cu, also like Ba, it is a green flame, but you can clearly see it is a quite different green. K 
gives this rather delicate lilac color to flames. Therefore, by putting a metal salt into a flame, and looking at the 
color you can tell which metal is present. In fact, we have all seen this, because this phenomenon is the basis 
of colored fireworks. 
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Illustration 40 : Atomic Absorption Spectrometer 

This is our atomic absorption spectrometer. This compartment here houses the hollow cathode lamp, which 
is the light source for this spectrometer. The central part of the instrument houses the flame. Currently this is a 
C 2 H 2 -0 flame, burning at about 2,000 °C. The sample dissolved in water or acid travels up a little tube, and 
therv on upwards into the flame. The light from the hollow cathode lamp passes through the flame into this 
section of the instrument, where we have the detector. 


4.2 Neutron Activation Spectrometry 

It is not just the electrons of the atom that can be used for analysis. We can also use the nucleus of the 
atom, and this is the basis of a technique called neutron activation analysis, which is a qualitative and 
quantitative multi-element analysis. 

Just as the radiation given out by the electrons is characteristic, the y-ray given out by these nuclei is also 
characteristic. Therefore, if we measure the energy of the y-rays given out, we can once again analyze the 
element. 


It is a good technique, because it is non-destructive to your sample, but it does have a serious disadvantage 
in that all. In order to get the neutrons to do this analysis, you need to have a nuclear reactor. If you do not 
have a nuclear reactor, then you really cannot do this method. Therefore, the output for neutron activation 
analysis looks like this. 
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Illustration 41: Neutron Activation Spectrum 


On the X-axis, this is the energy of the y-rays given out. You can see that different elements give quite 
distinct peaks. Therefore, this particular sample here, which is an archaeological sample, contains elements 
such as Sc, Fe, Co, Na and some other minor elements as well. 
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5 Analysis of Microscopic Objects 

Sometimes Forensic Scientists need to analyze objects that are extremely small, for instance 
gunshot residue. This is particulate matter given out when firearms are fired, and these are particles that are 
maybe 5 pm in diameter. Far below what can be seen, normally. 



Illustration 42 : Gunshot Residue Particle 

In order to visualize these objects you have to use a scanning electron microscope. Now, a scanning 
electron microscope uses electrons instead of light, which is what normal microscopes use. In a scanning 
electron microscope, there is an electron gun, which fires a beam of electrons at the object of interest. These 
electrons hit the object, and then they bounce off where they are detected, and it is the signals that are from 
the detector that are used to generate the image, like the image shown here. 

When these electrons hit the sample, they cannot just bounce off. They can also hit the atom, and cause an 
electron to be ejected from that atom. When an electron is ejected from low down in the energy levels of the 
atom, it means that an electron higher up in the atom is going to drop down to fill that vacancy. Of course, as 
we know, when the electron drops down to this lower energy level it must give out energy in the form of 
electromagnetic radiation. 

Typically, the kinds of drops that the electrons will do with this technique these are big drops. They are 
dropping from a high energy level down to a much lower energy level. That means the radiation given out is 
high energy, and it typically corresponds to X-rays. Of course, these X-rays are characteristic of the 
particular element. Therefore, this technique is called energy dispersive X-ray fluorescence or EDX, and because 
it is combined with the scanning electron microscope, we have what we sometimes call a 
hyphenated technique. This technique, SEM-EDX, is very powerful for forensic science, because the SEM-part, 
the microscopy, allows Forensic Scientists to look at extremely small objects, and the EDX-part allows them to 
analyze the objects at the same time. 



energy of emitted X- Ray 


Illustration 43 : SEM-EDX Spectrum 

A SEM-EDX spectrum looks something like this, where on the X-axis, we are looking at the energy of the 
emitted X-rays, and you can see we get peaks for the different elements. Therefore, this particular sample here 
has relatively large amounts of Ni and Cr, and smaller amounts of a range of other elements. 

6 Napoleon Case 

Napoleon had a remarkable career. Fie started out as an ordinary artillery officer in the French army. Fie rose 
through the ranks to become a general. Fie became 'Dictator of France'. Then he promoted himself to 
'Emperor of France', and at the same time controlled most of the continent of Europe. Fie spent most of his 
career fighting wars, and finally he was defeated in 1815 at the battle of Waterloo. 
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After that battle he went into exile, and the British sent him into exile as far away as possible to the 
little island of St. Helena down in the South Atlantic. He lived out the last years of his life on St. Helena, dying 
in 1821. When he died, he was in his 50 s . For someone who had a fairly tough life riding around battlefields in 
the early 19 th Century, which was quite a respectable age, but even so, after his death rumors started to go 
around that his death may not have been entirely natural. However, there was no way to confirm or deny these 
rumors. There was no evidence. Napoleon's body had eventually been taken back to France, and been given a 
grand funeral. Nobody is going to be allowed to open up his tomb to do an analysis. 

However, we do have some artifacts from Napoleon. We have some samples of his hair. It was a rather 
strange fashion back in those days that when anyone famous was dying, after they died some of their hair 
would be snipped off, and kept as a souvenir. Therefore, you can imagine Napoleon lying there on his 
deathbed, surrounded by his courtiers, his doctors, and his attendants, all of them with a pair of scissors ready, 
waiting for the last moment. 

Well, back in 1952 some of these hair samples were analyzed using neutron activation analysis. From the 
result of that analysis, it was claimed that As was present in the late emperor's hair. The obvious conclusion 
then, if there is As in Napoleon's hair, Napoleon was murdered by As-poisoning. 

Well, if there is a murder, what is the motive? In addition, certainly, there were many people in the world 
who would have a motive for getting rid of Napoleon. The British, for instance, had spent many years and a 
vast amount of money in fighting the Napoleonic Wars to break this man's control of Europe, while the 
French government at the time was made up of all of Napoleon's enemies who really would not want him to 
come back. Therefore, if you are looking for a motive in murdering the emperor, they are not hard to find. 

Now, some years later a British chemist called David Jones asked a very interesting question; he asked the 
question, 'What color was Napoleon's wallpaper?' He happened to ask this question on a radio show, and one of 
the listeners contacted the radio station and said they knew what color Napoleon's wallpaper was. Moreover, 
not only did they know what color the wallpaper was; they actually had a piece of the wallpaper. This seems 
very strange at first, until you realize the special position of the island of St. Helena. 

Before the construction of the Suez Canal any ship sailing from England to India, Australia, Singapore, or 
other parts in the Far East, would call in at St. Helena. Mainly to get fresh food and fresh water to continue the 
voyage, but also to give any passengers on the ship the chance to get on dry land and stretch their legs. 
Therefore, in those days the island of St. Helena would actually have quite a lot of visitors. Many more than it 
does nowadays. 



Illustration 44 : Napoleon's Wallpaper 


St. Helena is not rich in tourist attractions, but of course, one of the tourist attractions is the house that 
Napoleon used to live in. Back in the early 19 th century the souvenir shop had not yet been invented, therefore, 
these visitors to the island would help themselves, sometimes, to their own souvenirs. Apparently, some of 
them would, when visiting Napoleon's house, just pull off a strip of the wallpaper to take away with them as a 
memento. It was one of these souvenirs that had been preserved. 

Why did David Jones ask this interesting question, 'What color was Napoleon's wallpaper?' Well, he had the 
idea that the As in the emperor did not come from any poison put in his food or drink; he thought it might have 
come from the wallpaper. Therefore, they got the sample of wallpaper, and they sent it for analysis. This is a 
historic sample; therefore, you cannot destroy it. You cannot take it, dissolve it in acid, and test it by 
atomic absorption spectroscopy, because the owner is going to want the thing back. One of the advantages of 
SEM-EDX is that it is non-destructive; you can analyze your sample, and it is unaffected. Another advantage of 
SEM-EDX is, of course, that you can look at specific microscopic objects within your sample. 
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David Jones was particularly interested in the particles of green pigment on this piece of wallpaper. Why was 
he interested in green? Because in the 19 th Century one of the common methods to get a good green pigment 
was to use a chemical called Copper arsenite. Sure enough, when the green part of the wallpaper was analyzed 
by SEM-EDX it confirmed the presence of As. 

CuAsH 0 3 — Mould > AsH 3 (Arsine Gas) 

Formula 1 : Influence of Mould to Green Pigment 

If there is As in the wallpaper, how does it get from the wallpaper to Napoleon? The answer comes from the 
climate of St. Helena. St. Helena is subtropical, it is warm, it is humid, and it is a great place for mould to grow. 
Some species of mould have evolved the capability to digest As. Therefore, some of these moulds are able to 
take As, and convert it into volatile forms of As such as arsine, which is a gas. Therefore, that is how the As 
could have got from the wallpaper to the emperor. He could have breathed it in as he lay on deathbed. 

6.1 Who killed Napoleon? 

Well, we have further evidence. We have the autopsy results, and the autopsy tells us that he died from 
stomach cancer. We also have eyewitnesses, because he was attended by his courtiers, his doctors, and some 
of whom wrote books and recorded what they saw. Who killed Napoleon? Well, it was probably 
stomach cancer, but his doctors certainly did not help, because one of the standard drugs given in those days 
was the extremely poisonous compound Hg chloride. Therefore, we cannot say that his doctors murdered him, 
but they certainly did not do him any favors with the way they were treating him. 

7 JFK Assassination Case 



Illustration 45 : JFK at Dealey Plaza (Houston, Texas) 


Just over 50 years ago, U.S. President John F. Kennedy was assassinated. He was shot, and he was shot by 
a man called Lee Harvey Oswald. Since the assassination, many theories have gone round about what really 
happened on that fateful day. We will probably never convince everybody of what really happened. One of the 
questions, which never seem to go away, is; did Lee Harvey Oswald act alone, or was there a second gunman 
who fired at the President? 
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Illustration 46 : Lee Harvey Oswald 
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Maybe a little bit of elemental analysis can cast some light on this question. Now, how many bullets were 
fired by Lee Harvey Oswald? He fired three times. One shot completely missed the presidential limousine. 
Two shots hit the presidential limousine. Therefore, what we should be able to do is to examine the car, and 
see how many bullets are found. In addition, if there were another gunman, then we would find more than 
two bullets. It is not that simple; bullets can fragment. They can break up into parts when they hit the target. 
When this crime scene was searched, they did not find two bullets. They found all sorts of fragments of bullets. 
Now, the question is; how can we put these fragments together, and work out the total number of bullets? 

7.1 Fragmented Bullets 

It is not a jigsaw puzzle where you can just fit them together and see if they go together, because they 
deform, and therefore, they cannot be just put back together. We need to use some chemistry, some 
elemental analysis. Of course, the bullets are made of Pb; they are all made of Pb. We are not interested in the 
bulk composition. What we are using is the trace element composition, and particularly two of the common 
trace elements in this kind of bullet, which are Ag and Sb. Now there were multiple fragments found, and these 
have been grouped into five. 


Fragment 

Ag [ppm] 

Sb [ppm] 

Sample Description 

1 

8.8 ± 0.5 

833 ± 9 

Connally stretcher bullet 

2 

9.8 ±0.5 

797 ± 7 

Connally's wrist (fragment) 

3 

8.1 ± 0.6 

602 ± 4 

Car (large fragment) 

4 

7.9 ± 0.3 

621 ± 4 

Kennedy's brain (fragments) 

5 

8.2 ± 0.4 

642 ± 6 

Car fragment 


Table 1: Bullet Analysis: Neutron Activation Analysis (NAA) Results 


As you can see, the level of Ag in these five fragment groups is about the same. It varies from the low of 
7.9 ppm up to a high of 9.8 ppm; not terribly much different, but if you look at the Sb-concentration we find a 
bigger difference. There are two groups, which have higher levels of Sb, about 800 ppm of Sb, and then we 
have another group, which has only about 600 ppm of Sb. Therefore, the most likely conclusion here is that 
fragment groups one and two come from the same bullet, which has the higher level of Sb. The other 
fragment groups, three, four, and five, come from another bullet, which has this lower level of Sb. Because we 
can divide all these fragments into these two groups, the high level of Sb and the low level of Sb, it appears 
that there are only two bullets that hit the limousine, and this corresponds to the two bullets that 
Lee Harvey Oswald fired that hit the limousine. 

Well, it does not really prove there was only a single gunman, but it does not give any evidence that there 
was a second gunman. Therefore, the conclusion of the investigation was that it most likely was a 
single gunman, 

Lee Harvey Oswald 

8 'Adam' Case; Summary 



Illustration 47 : Torso of'Adam' 


We do not know the name of this victim; he was given the name 'Adam' by the police during the 
investigation. He was found in 2001 on the bank of the River Thames in central London. 

It was not a complete body; it was only the torso. Therefore, the head was missing, and the arms were 
missing. They had been cut off very professionally with a very sharp knife, and the blood had all been drained 
from the body. The body was wearing a pair of shorts and that is it. That is all that the Forensic Scientists had 
to work with - a torso and a pair of shorts. Remarkable is that Forensic Scientists just with that evidence were 
able to advance the investigation a long way. 
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8.1 Shorts Investigation 

The obvious thing to look at is the shorts. The shorts, like so many items of clothing, were made in China, 
but they were able to track down the manufacturer. They were able to identify which batch of shorts it was, 
and these shorts had been sold in West Germany. 

8.2 Torso Investigation 

Investigation of the torso involves examining the stomach contents, and there were some strange things in 
the stomach; it contained food, it contained pollen. 

Now, pollen is released into the air by plants all the time, naturally a lot of it gets inside us, and pollen under 
the microscope can be identified. You can tell which plant it comes from. The pollen in the boy's stomach was 
characteristic of Northern European plants. Then there were some very strange things in his stomach. There 
was clay; there were calabar beans. Now, calabar beans are toxic, and they are not native to Europe, they 
come from Africa. There were also gold particles in the stomach. 

8.2.1 Black Magic? 

The presence of these last three items is very significant indeed. These items are connected with African 
black magic. Therefore, it was suspected that this was not an ordinary murder. It was believed that this boy 
had been smuggled to Europe, to West Germany specifically, and then shipped to London to be used in 
black magic, specifically human sacrifice. Now, what else can we do? How can we further advance this 
investigation? How can we find out, for instance, where Adam originally came from? Moreover, it was 
elemental analysis that achieved this. 

We have all heard the expression, 'you are what you eat,' and it is literally true. Okay, your body is made up 
of the elements that you eat as part of your diet. Now let us look at bones. Bone is basically Calcium phosphate 
in a protein matrix. Everybody's bones contain large amounts of Ca, and that Ca comes from your diet. This is 
why, particularly when you are growing up, it is important to have a good amount of dairy products, because 
that is an excellent source of Ca, but other metals would also be incorporated into your bones if they were 
present in your diet. 

8.3 Original of Food 

People who live in traditional societies tend to eat food that is grown in their neighborhood, in their 
backyard, on their farm. That food will contain minerals from the local soil. Therefore, if the local soil is 
particularly rich in a particular element, then the food those people eat will tend to be richer in that element. 
This will be reflected in the chemistry of those people's bones. For instance, if the soil in a particular region is 
higher in levels of say Sr, or Cu, or Pb, then those people's bones will be higher in quantities of those 
three elements compared to people from a different region. Therefore, this is what was done. 

8.4 Bone Investigation 

Adam's bones were analyzed for these trace elements, and indeed he had a little more of these elements 
than normal. Now, based on the idea of human sacrifice and black magic it was believed that he came from 
somewhere in West Africa, because that is where these beliefs come from. However, West Africa is an 
enormous place, and there are millions and millions of people there, but the trace element in all of this was able 
to narrow it down. 

8.5 Trace Elements Investigation 




Investigators travelled to different places of West Africa, took samples of the soil, samples of bones, and 
compared the trace element composition of both samples to the trace element composition of Adam's bone. 
That narrowed the search down to a small region of Nigeria. Therefore, forensic science, in this case, did not 
identify the murderer, but it certainly told the investigators where they should be looking. 
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8.6 Summary 

What have we learnt in this lecture? We have seen how spectroscopic methods work, whether they are 
based on emission or, like MS, on absorption. Therefore, we know how they work, and we know their basis in 
the structure of the atom. We have looked at the EDX-technique, which uses X-rays, and we have seen how 
that can be a very powerful technique for Forensic Scientists when it is combined with SEM. We have also had a 
quick look at the technique called NM. Overall, by understanding the structure of the atom, and how electrons 
can move between their energy levels, we understand how Forensic Scientists can very accurately and reliably 
determine the elemental composition of a given sample, even to very low levels of a particular element. Now 
we understand how this is a very powerful technique. 

9 Introduction to Chromatography 

In this lecture, we are going to talk about the analysis of chemical compounds. As you can see from the title 
there must be similarities between this topic, and our lecture on the analysis for the presence of 
different elements, but even though there are some similarities, as we will see. There are also 
enormous differences between looking for elements and looking for compounds. Therefore, under what 
circumstances might we want to analyze a sample for the presence of chemical compounds? 

9.1 Analysis of Chemical Compounds 

As you will see in the lecture on fibers later on, one of the important things you need to do when you have a 
fiber sample is to determine what that fiber is made of. Therefore, you have to analyze the compounds that 
make up the fiber in order to identify it. In addition, because most fibers are colored, you might want to analyze 
the dye to find out what compounds are present in the dye. As you all know, at major sporting events, the 
blood or urine of athletes is routinely tested for the presence of unauthorized substances. This is 
another example of where we would want to analyze for particular compounds. 

One of the major applications of this kind of chemistry is in the analysis of suspected illegal drugs. These 
suspected illegal drugs might actually be the material itself, or it might be analyzing body fluids from a suspect, 
an alleged user for the presence of those illegal drugs. Therefore, analysis of compounds is a very important 
part of forensic science. 

9.1.1 Complications 

A complication in the analysis of compounds, which we did not encounter in the analysis of elements, is the 
fact that the samples that are being given for analysis are actually very complex mixtures. If you think, for 
instance, of a blood sample, or a urine sample, there are a huge number of different compounds within that 
sample. Most of them are ubiquitous; they are quite supposed to be there. Urine, for instance, contains all the 
by-products of our metabolism, and the forensic scientist will be analyzing that very complex mixture for maybe 
just a few or even one compound that is of interest. Therefore, when we are talking about the analysis of 
compounds there are really two different things that we have to talk about. 

9.1.2 Separation and Identification 

The first thing is how to separate out this mixture, therefore, we can find within it the compound or 
compounds of interest; only when that has been done we then have to identify the compound, and find what it 
is. The main method that we use for separating a mixture into its different components is chromatography. 
There are many different kinds of chromatography, but they are all based on the same principle. 

11 i iii 1 1 i i 

Flow 

Illustration 48 : Chromatographic Separation 

In chromatography we have what is called a stationary phase. This is an inert absorbent material, and it can 
be anything from paper through to silica. We have a sample, and the sample is applied at one position in the 
stationary phase (indicated here by the purple bar). We then need to have a mobile phase, and our 
mobile phase is either a liquid or a gas that flows through the stationary phase. As the mobile phase flows 
through the stationary phase, the components of the mixture we are trying to analyze also flow through. 
Therefore, as we run the experiment as time goes by, our mixture will separated into its individual components 
based on the speed with witch they move trough the medium. 

As we run the experiment longer, the separation will get greater, and, of course, one of these components 
will get to the end of our stationary phase well before the other one. We have now separated our mixture into 
its different components, and we could go ahead with whatever analysis we are going to use to identify them. 
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9.2 Thin Layer Chromatography (TLC) 



Illustration 49 : TLC-Plate; Basics 

There are many different kinds of chromatography. The simplest, easiest, and cheapest one is a technique 
called thin layer chromatography. For TLC we need a TLC-plate. The TLC-plate consists very simply of an inert 
backing plate, which is typically glass, but can also be other materials such as Al or plastic, that is coated with 
our stationary phase, a thin layer of an absorbent material, and it is most commonly silica. It is sometimes 
alumina or some other material. 



Illustration 50 : TLC-Plate; Silica-Coated Glass 

The great thing about TLC is that the equipment you need is very simple. You need a jar, which contains the 
mobile phase; you can use a jam jar. You need a fine glass tube, which is a capillary; this is for applying the 
sample. You need a pencil, a pair of tweezers or forceps, and, most important, a TLC-plate. Therefore, this is a 
glass-backed TLC-plate, and this side has the stationary phase, which is silica. 

What I do, I draw a line on the TLC-plate to show where my sample is going to start. As a sample, I have 
chosen this one, and that is because all the components are colored, and we will be able to see them at the 
end of the experiment. We take up some sample into the capillary, and apply it to the TLC-plate where we have 
drawn the line. We can then put it in the jar, and then we wait while the mobile phase travels up the plate. 



Illustration 51: Result for the TLC-Experiment 

When the mobile phase has almost got to the top of the TLC-plate we can take it out of the jar; make a 
mark with the pencil to show where the solvent got. That is the so-called solvent front, and then you can see 
the result. We can clearly see that this sample contains three components, or at least it contains 
three components that are colored, and we can see under visible light. 

When we are working with colored compounds you can just see by inspection, just by looking at the plate, 
you can see where the spots are, but most organic compounds are not colored, they are colorless; therefore, 
you cannot see them just using your naked eye. There is a whole range of techniques for making these spots to 
show up so that you can see them. 

The simplest one, which works for many compounds, is simply to put the TLC-plate under UV-light, and then 
the spots fluoresce and you can see these purple spots on this green background under a very simple UV-light. 
If your spots do not show up on the UV-light then we have a whole series of chemical reagents that we can 
apply to the plate, and that will make these otherwise invisible spots show up as colored spots. 
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Here is a typical TLC-plate; it is visualized 
under UV-light. Our unknown mixture that we 
are analyzing is at lane C. As you can see the 
TLC of lane C shows two spots, therefore, 
probably there are two compounds in here. Now 
we are comparing lane C to two known 
standard compounds. Compound A, 
compound B, we know what they are, we have 
spotted them on the TLC-plate, and we can see 
that the two spots in lane C correspond to 
compounds A and B. 

Does this mean that we can use TLC as a technique for identifying compounds? The answer to that question 
is not straight-forward, because TLC is what we call a presumptive test. A presumptive test is a test that cannot 
give you a definitive answer. Why is this? We are analyzing this mixture for its composition in terms of 
organic compounds. There are several million organic compounds that have been made, that have been 
described, and that have been reported. 

Now, a TLC-plate is only a few cm long. Therefore, it is absolutely impossible for a little TLC-plate to 
separate and distinguish between all of those millions of compounds, and it is frustratingly frequent that we find 
that two different compounds will actually give the same spots on a TLC-plate. That is, when we run our TLC 
plates, those two compounds will move to the same distance. Therefore, when we do a TLC, and we see that a 
spot in our unknown mixture corresponds to one of our standards as it does in this TLC-plate, we cannot say 
that that standard compound is present in the mixture. That would be a definitive answer, which we cannot 
give. We can say that that compound may be in the mixture, and therefore we should go on to do further tests 
to determine this. Therefore, TLC is nice, simple, quick, and cheap, but it cannot give you a definitive answer in 
all cases. 



Illustration 53 : TLC Test Result 

Okay, let us look a little more closely at TLC. Here we have a TLC-plate on the left where we have three 
standard compounds, the pink compound, the grey compound, and the green compound. Then we have an 
unknown mixture symbolized by the black dot. Suppose when we take this TLC-plate and we run it. Maybe we 
get a result like the one on the right where the solvent has flowed up to the position marked solvent front. 

We can see the three standard compounds have moved, and our unknown mixture has now separated into 
four different spots, there are probably four components in our unknown mixture. Well, we can see that the 
green standard corresponds to a spot in the mixture; therefore, we can say probably the green compound is 
there. The black standard compound also matches a spot in the mixture; therefore, we can say probably or 
possibly that compound is in the mixture. The pink standard compound you can see does not correspond to any 
spot in the mixture. Now we can be quite clear. We can say that that pink compound is not present in the 
mixture that we are analyzing. At least it is not present within the sensitivity of this particular technique, but 
here we can also see that two other spots have appeared. There is a yellow spot and a red spot; these are not 
matching any of our standards. Therefore, we can say that this unknown mixture contains at least two more 
compounds, and we have no idea what they might even be. 
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Illustration 54 : Retention Factor; Example 

Now, when we are discussing TLC it is not good enough to say 'oh, the spot up there' or 'the spot down 
there'. What we really need is some numerical method to describe the positions of the spots. What we use is a 
number called the R f , which is the retention factor. The R/\s very simple to calculate. 
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You measure the distance moved by the solvent on the TLC-plate, we will call that y, and you measure the 
distance moved by the spot. We measure to the centre of the spot, and we call this distance x. Then the R f of 
that particular compound is defined as: 




X 


y 


Equation 1 : Retention Factor 

Therefore, this is TLC. It is a very simple, very easy to do technique, but not quite accurate enough for our 
purposes. 

10GC & HPLC 

10.1 GC 

Gas chromatography is superior to thin layer chromatography in many ways. Particularly it is much more 
sensitive, and it gives much higher resolution than the very simple TLC-plates. There are many 
technical differences between the two methods, even though they rely on the same physical principles. 

For a start in gas chromatography, as you might be able to figure out from the name, the mobile phase is 
not a liquid, it is a gas; often referred to as the carrier gas. In addition, gas chromatography does not use a 
plate; it uses something called a column as the container for the stationary phase. Even though it has called a 
column, it does not actually look like a column. The name is retained for historical reasons. 

10.1.1 Historical Column-Chromatography 
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Illustration 55 : Historical Column-Chromatography 



Illustration 56 : Diagram of a GC 
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The stationary phase is packed inside a very long, fine metal, glass, or silica tube, and for reasons of space, 
that tube is wrapped around in a coil inside the instrument. One end of the coil is where the material goes in, at 
the far end of the coil the material comes out, then it passes through a detector, and the signal from the 
detector is then recorded by a computer. 
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Illustration 57 : Example of a GC-Chromatogram 


Here is another technical difference between TLC and GC. In TLC, we were allowing the mobile phase to 
move a certain distance, and then we measure the distance moved by the components. That is the distance 
moved by the components within a fixed time. In GC, it is different, because the distance moved by the 
components is fixed; it is the length of the column. What we are measuring is the time it takes the 
different components to get to the end of the column; therefore, we cannot use the retention factor that we did 
in TLC. Instead, we use the retention time, which is the time for that component to travel through the column. 
Therefore, the output, the data that we get from the GC looks a little bit like this. 




Unknown sample Known standards 


Illustration 58 : Comparing known Standards against unknown Sample 

We no longer have spots on a plate; we have peaks on a graph. We are no longer measuring our R f , we are 
measuring the retention time, and this is typically measured in min, but the principles are the same. When we 
get peaks from our GC from our unknown sample, we can then do a tentative identification by comparing them 
to known standards. Therefore, if your unknown material comes off at a particular time, your standard comes 
off at that same time, then tentatively we can say that is the compound. However, just like with TLC, it is not a 
very firm identification. 

There is another technical difference between GC and TLC, and that is your GC chromatogram will always 
show a big peak after a very short time. This peak we always ignore, because it is solvent. To inject your 
sample on to the GC you have to dissolve it into a solvent; you have to make it into a solution. Therefore, of 
course, the solvent will also be picked up by the detector, but the solvent will come through the GC-column 
very quickly, and it is this big peak you see at about 1 min or so. 

Now, the sophistication of GC gives it yet another advantage over TLC, and that is GC is quantifiable. With 
TLC, when you see a spot you cannot say much about the quantity present from that spot, but with GC the 
amount of material present is proportional to the area under the peak. Not only can we separate out the 
mixture into its different components, we can also measure the relative amount of those components that are 
present. Therefore, GC is a technique where we can quantify the components. 
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Illustration 59 : GC-System 

This is a Gas-Chromatograph, or GC, and this one is fitted with an auto-sampler; therefore, that it can run 
multiple samples one by one. With the auto-sampler, which is effectively an injection robot, the sample is 
injected into the instrument automatically by a syringe. 



Illustration 60 : GC-Column inside GC-Oven 

The column where the components of the mixture are separated is inside this oven. The oven temperature is 
programmable; it can be completely controlled. The column, which is many meters long, is wrapped around 
here in this coil. The output from the column goes into the detector, which is built into the top of the machine. 
The information from the detector then goes onto the computer, where it can be displayed and recorded. 

10.2 HPLC 


The other chromatographic technique, that is very important for forensic science, is HPLC. The initials HPLC 
stand for high performance liquid chromatography. They also stand for high-pressure liquid chromatography. 
Now, HPLC is similar to GC, but, as the name implies, the mobile phase is a liquid, not a gas. The mobile phase, 
which is used, is organic solvents, or sometimes aqueous solutions, depending on what you are trying to 
analyze. 



Illustration 61: HPLC-Columns (Different Usage) 

HPLC does not use the very long fine metal tube to contain the stationary phase that GC used. In HPLC, we 
use steel columns, and we have to use these steel columns because of the high pressures involved. 

10.2.1 Why do we use High Pressure? 

Because the stationary phase is a very fine material densely packed inside the column. To get the liquids to 
flow through the column at a useful rate we have to apply a high pressure and that is done with a pump. 
Therefore, we need the high pressure to get the good flow rates; and therefore, we need the steel columns to 
have the strength to stand up to those pressures. 
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Illustration 62 : Differences in GC- and HPLC-Chromatograms 

Like GC with HPLC we are measuring the time it takes for each individual component to get from one end of 
the column to the other end of the column. Therefore, once again, we are measuring retention times. The 
output, the data that you get from an HPLC, the chromatogram, does look rather like the chromatogram that 
you get from a GC with these sharp peaks appearing one for each component. You can see from this 
chromatogram that HPLC tends to give well-resolved sharp peaks; therefore, you can easily separate and 
resolve many different compounds. Just like GC, HPLC can also be quantified. The area under the peak for a 
particular component, once again, is proportional to the amount of that component present in the mixture. 



Illustration 63 HPLC-System 

This is an HPLC-instrument. On the top we have the different components that mixed together to make the 
mobile phase in these bottles. Beneath we have the pump that pumps the mobile phase through the instrument 
and provides the pressure. The sample is injected into the system, normally, by an auto-sampler. It then travels 
along a fairly fine tube to the column. As you have seen the HPLC-column is quite different to the GC-column, 
this is made of steel, and the pressure inside is high. The sample passes through the column, and then passes 
to the detector. The information from the detector is fed to the computer, and, again, it can be displayed and 
recorded. 

10.3 Which is Better? 

Therefore, which is better, HPLC or GC? Both methods are very efficient; they are very selective. They can 
resolve a great number of compounds, and both of them are widely applicable. In both cases, the detectors are 
very sensitive; therefore, you only need very small amounts of sample in order to complete the analysis. They 
may be non-destructive of the sample, meaning that after the chromatography you can get your sample back, 
though in practice this is done very, very rarely. Both methods are quantitative! With both methods, you can 
measure the amount of each component that is present in the mixture. Both methods work with 
high resolution. There are some differences, okay? GC has the advantage that the equipment is a little simpler, 
it tends to be a little less expensive than HPLC, and often GC is also faster than HPLC. HPLC, on the other hand, 
has the advantage that it can be used for samples that are non-volatile, and also for samples that are 
thermally unstable, but both methods are very widely used for the analysis of compounds. 

HIR-Spectroscopy 

The different chromatography techniques all achieve the same thing. That is that they separate the mixture 
out into its individual components, and we can get some idea of what some of the components might be by 
comparison to authentic samples. However, to confirm really sufficient for a court of law what those 
components are we have to have some more techniques. We have to positively identify those components, and 
say absolutely what they are. To do this we can use spectroscopy and spectrometry. 
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11.1 Why IR-Spectroscopy 

The kind of spectroscopy that is most useful for the identification of compounds for forensic purposes is 
infrared spectroscopy. IR-spectroscopy is based on molecular vibrations. When we look at diagrams of 
molecules in textbooks, we always think of them as rigid things, rigid objects, but they are not. Molecules are 
flexible. The bonds connecting the atoms stretch, they bend, they wobble, and the energy changes that 
corresponds to all these movements match the energy of infrared light. If you take a molecule and you irradiate 
it with IR-light of the correct frequency then it will start to vibrate, and it is monitoring the absorbance of 
IR-light. That is the basis of IR-spectroscopy. 

If we take a simple molecule, where you have two atoms connected together by a bond, this behaves 
very much like a classical simple harmonic oscillator. The frequency with which that molecule will vibrate, the 
bond will stretch backwards and forwards, depends on two things. It depends on the masses of the atoms 
involved, and it depends on the stiffness of the bond. 

Chemical bonds in organic molecules come in three types - single bonds, double bonds, and triple bonds. 
Single bonds are less stiff than double bonds, and triple bonds are the stiffest of all. Therefore, we can use 
these very simple concepts to look at where in the infrared part of the spectrum different molecules, or 
different parts of molecules, will absorb infrared light. 



Therefore, this is the infrared part of the spectrum. For historical reasons chemists use a very odd unit to 
measure the frequency of IR-light. They use the wavenumber, cm' 1 . The IR-spectra of organic compounds are 
typically recorded in the range of 600 - 4,000 cm' 1 . When we look at the left-hand part of the chart we can start 
to group together particular types of bonds, for instance, O to H-bonds, N to H-bonds, and C to H-bonds are all 
on the far left-hand side, and you can see a small difference between the O-H, N-H, and the C-H-bonds. These 
are all in that particular position, because they all involve the lightest atom, which is the H-atom. 

The stiffest bonds that are the triple bonds, and whether they are triple bonds between C, or N, or O, they 
are all in roughly the same place, and that is at approximately at 2000 cm' 1 . 

Not quite so stiff are the double bonds, C-0 double bonds, C-C double bonds, C-N double bonds. These are 
all grouped around 1,600 - 1,800 cm' 1 . You will notice that all of these are in the left-hand part of the 
spectrum; they are all above 1,500 cm' 1 . This region of the spectrum is characteristic of the class of 
compounds. Therefore, if you look at the information from the part of the spectrum above 1,500 cm' 1 , it tells 
you about the class of compounds to which your sample belongs. 

It is not very helpful at telling you which specific compound in that class your sample is. Therefore, above 
1,500 cm' 1 , it is a very useful region for research chemists, but it is not a very useful region for 
forensic scientists, because Forensic Scientists want to individualize their compound down to particular one. 
That is best done on the right-hand half of the spectrum, below 1,500 cm' 1 . In this part of the spectrum, you 
have all the single bond vibrations, you have all sorts of bending modes, and you have all sorts of 
complex deformations. It is a very complex part of the spectrum, but this means that the spectrum you record 
below 1,500 cm 1 is characteristic of a specific compound. In fact, this part of the spectrum acts very much like 
a molecular fingerprint. Therefore, if you take the infrared spectrum of your unknown compound, you look in 
this region, and you compare it to the standard sample. If the IR-spectrum of the standard sample and those 
two match, then you have a very strong identification of that compound. 
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11.2 Identifying of Samples 



Illustration 65 : Different characteristics of IR-Spectra 

Here is an example. It is an infrared spectrum of Diamorphine, which is the active ingredient of Heroin. If we 
look on the left-hand half of the spectrum, which is outlined in red, you can see a series of bands. If you look 
closely at that part on the left-hand side, it tells you about some of the parts of the molecule. For instance, we 
can see that this molecule has ester groups. We can see that it has C-H-bonds, but there is nothing in the 
left-hand half of the spectrum that tells us this is Diamorphine. It simply says this has some of the chemical 
functional groups that Diamorphine also has. It is only when we look at the right-hand half of the spectrum, 
outlined in blue, the so-called 'fingerprint region,' that we can say this is Diamorphine. It is, as you can see, 
very complex, it is very rich in detail, and comparison to an authentic sample proves that this is indeed 
Diamorphine. 

12Mass Spectrometry; Summary 

Another important technique for analyzing molecules is a technique called mass spectrometry. 
Fundamentally, this is a very simple technique, because all we are doing is measuring the mass of the molecule. 

12.1 How do we Measure the Mass of a Molecule? 

Well, first we introduce the sample into the mass spectrometer. The part of the instrument into which the 
sample is introduced is under extremely high vacuum; therefore, the sample vaporizes. It is then necessary to 
convert them into molecules with a +charge, which are called ions. One method to convert molecules into 
+charged ions is to bombard them with electrons. 


Detector 



The molecules now have a +charge. They pass through a slit, and they are accelerated by a high voltage. 
After they have been accelerated, they go into an area of the instrument, which is in a strong magnetic field. As 
these ions go into the magnetic field they are deflected off the straight course, and they curve. They go 
through this part of the instrument, and then they reach the detector, where their arrival generates a signal, 
which is recorded. 

12.1.1 How does this Separate the Molecules according to their Mass? 

Well, it is very simple. If you have a very light molecule once it is charged, and it goes into the 
magnetic field, because it is light, it is deflected a great deal; therefore, there is a large deflection from the 
straight course. If you have a big molecule, it has deflected a lot less. Therefore, we can measure the mass 
simply by measuring the degree of deflection in the mass spectrometer. 
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12.1.2 How do we know what Molecules Weigh? 

Let us take an example of the molecule of Cocaine, which is shown, down there. 



Cocaine has the molecular formula of Ci 7 H 2 iN 0 4 . Now, each C-atom has an atomic weight of 12. Therefore, 
C will contribute 204 to the molecular weight of cocaine. Each H-atom has an atomic weight of 1. We have 
21 H; therefore, H will contribute 21 to the molecular weight. N has an atomic weight of 14. We only have 1 N, 
which adds on 14 to the total. The atomic weight of 0 is 16. We have four 0. That adds on another 64 to give 
us a grand total of 303. If we take another sample, we put it in our mass spectrometer, and we get 
molecular ion with a weight of 303, does that mean it must be cocaine? 



Formula 3 : Cocaine and its Isomers 


The answer is no, it does not prove that it is cocaine. The reason is that, if you have these many atoms, 
there are many possible ways you can arrange those atoms to make your molecule. These different possible 
arrangements of the same atoms, the same Ci 7 H 2 iN 0 4 , are called isomers. Only one of these isomers is 
Cocaine; and therefore, only one of these isomers is illegal. Therefore, simply putting a molecule into a 
mass spectrometer and getting a number, the molecular weight of the molecule, does not prove that it is this 
particular compound, simply because there are so many possible arrangements of this collection of atoms, 
which would all have the same molecular weight. 

12.1.3 Is Mass Spectrometry Useless? 

No, because mass spectrometry has another trick up its sleeve. Let us think about what is happening in the 
mass spectrometer. Many of the molecules, when they are bombarded by electrons, will actually break up into 
fragments. The fragments, of course, will have lower weights than your molecular ion, which is derived from 
the molecule itself. 

What we will see is a pattern of different fragments at the detectors. Therefore, we will get a 
mass spectrum, where the highest weight will be the molecular ion, which we call M+, and then, at 
lower weights, we will see a distribution of different fragments. Now, if we take the same compound, and we 
analyze it by mass spectrometry under the same conditions in the same way, then each time we should get the 
same fragmentation pattern. 

If we have an unknown compound, which we think is Cocaine, we run the mass spectrum, and we look at 
the fragmentation pattern. We analyze an authentic sample of Cocaine. We compare the two 
fragmentation patterns. If they are the same, then we conclude this really is Cocaine, because if we have an 
isomer of Cocaine, it would fragment in a different way; and therefore, it would give us a different pattern. 
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Illustration 67 : Mass Spectrum of Cocaine 

Here, for instance, is the mass spectrum of cocaine, and you can see on the right-hand side there is our 
molecular ion at 303. The same as when we added it up from the molecular formula, and then you can see this 
quite detailed fragmentation pattern, which is characteristic of the cocaine molecule. 
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Illustration 68 : Mass Spectrum of Diamorphine 


Here you 
molecular ion, 


can see the mass spectrum of Diamorphine. Again, on the right-hand side, there is our 
and then at lower weights you can see this very nice fragmentation pattern. 


Therefore, we have chromatographic techniques, which will separate our mixture into its component parts, 
and we have spectroscopic and spectrometry techniques, which will identify those components. We can 
combine separation and identification into a single instrument. The instrument that is most widely used for this 
in forensic science is the GC-MS, gas chromatography-mass spectrometry. This is sometimes referred to as a 
hyphenated technique, because its GC hyphens MS. Here you can see here an example of a GC-MS. 



Illustration 69 : GC-MS 


The way it works is that the output from the GC, the end of the column where the components come out, 
feeds directly into the mass spectrometer. Therefore, the mass spectrometer acts as the detector for the 
different components. When we analyze the data, when we look at our GC-chromatogram, not only we see the 
retention time, not only can we quantify it by the area under the peak, but we can also access the 
mass spectrum for that GC-peak and do the identification. Therefore, GC-MS combines separation of the 
components and identification of the components. 

Now we have a number of techniques for chromatography, particularly TLC, GC, and HPLC. Each one has 
their own particular advantages and disadvantages, but each one is simply there to separate a complex mixture 
into the individual components. Once we have the components then we have two very powerful techniques for 
identification. We have IR-spectroscopy based on the molecular vibrations, we have mass spectrometry where 
we use the fragmentation pattern of the molecule, and we can even combine our separation technique, our 
chromatography with our identification technique, most commonly our mass spectrometry. We can combine 
those into a single instrument, and this is one of the most important instruments for the forensic Scientist. 
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Time of Death: Blood 

1 Recent Deaths 

1.1 Time of Death 

Let us suppose a body has been found. One of the most important pieces of information to get is to find out 
how long that person has been dead. This is of great importance for reconstruction of the sequence of events 
that led up to the incident. If this is a murder, then, of course, you want to compare that time of death to the 
known movements of whoever the suspects are. What we are going to do is look at some of the 
different techniques that can be used, starting off with bodies that have died very recently. 

1.1.1 What happens at Death? 

The first thing, of course, is the body goes limp. That is because your muscles are under tension when you 
are alive, because your brain is telling them to do so. When your brain stops telling your muscles to be tense, 
they go limp. Then all the biochemical machinery that is going on inside you and is keeping you alive grinds to 
a halt, and one of the things that that machinery is doing is maintaining your body temperature. You are 
burning fuel that you get from your food in order to maintain your temperature at the correct level. That comes 
to a stop, and that means that your body will start to cool down. This phenomenon is called Algor Mortis, and is 
one of the most important methods for estimating time of death. 

1.2 Algor Mortis 

1.2.1 Body Cooling Factors 

However, these estimates should always be done by someone who is experienced in this kind of work, 
because the rate at which your body cools can be affected by all sorts of different factors. 

One factor is the size of the body. A thin person is going to cool down much faster than a fat person does, 
and that is simply a reflection of the surface area to volume ratio. The location in which the body is placed is 
going to make a big difference. If it is out on a hillside with the wind blowing over it, it is going to be 
cooling down faster than if it is locked in a trunk or a bag. The amount of clothing will obviously affect it. A 
naked body, or body wearing just T-shirt and shorts, is going to cool faster than one buttoned up in a thick, 
heavy winter overcoat, and, of course, the weather will have an effect. If the body is out in cold weather with a 
cold wind blowing and the rain falling, it will cool down faster than on a hot day in the sunshine. 

1.2.2 Where measuring Temperature? 

In addition to these environmental factors, it is also important to make sure you measure the correct 
body temperature. Obviously, the skin will feel cool after a relatively short time; again, depending on 
environmental factors, but even when we consider internal organs for measuring the temperature we have to 
get it right. The brain, for instance, has very little insulation from the outside elements, which means that the 
brain will cool down distinctly faster than internal organs. It is those internal organs, which should be 
measured, because they will give you the most representative temperature. One example would be to measure 
the liver temperature. 

All things being considered, if we assume it is an average, normal set of circumstances, then we can come 
up with a general rule that the body will cool down at a rate of about 


1 - 1.5 


°F 

h 


Equation 2 : General Cooling Rate of a Dead Body 

This will continue until the temperature of the body gets down to ambient temperature, and then obviously 
it will stop cooling down. In fact it may even start to warm up, because after a few days the heat generated by 
the process of putrefaction may actually cause the temperature to start increasing again. We will talk about 
putrefaction in a short time. 

In addition to Algor Mortis, there is also the very well known phenomenon of Rigor Mortis. 
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1.3 Rigor Mortis 

1.3.1 Continual Chemical Activity 



Illustration 70 : Time Depended Stiffening of a Human Body 

When you die your brain stops sending signals to your body to do stuff, but that does not mean 
chemical activity in your body stops. The cause of Rigor Mortis is the continuing chemical action in your 
muscles, and it causes them to stiffen soon after death. Then, after further time, that stiffening disappears. It is 
a chemical action within the muscles. It does not happen uniformly over the whole body. It appears first, for 
instance, in the jaw, spreads to the arms, and then to the legs. Therefore, it will be complete over the body in 
maybe 12 hours time, and then it will gradually disappear again. Once again, this needs an experienced expert 
in the field to assess the state of Rigor Mortis of the body in order to give the estimate. 

1.4 Livor Mortis (Cadaveric Lividity or Post Mortem Lividity) 

A third method, not so well known, is Livor Mortis, also known by a number of other terms. Now, 
Livor Mortis is due to gravity. If you consider your blood, your blood consists of all sorts of materials including 
the red blood cells, and it has maintained roughly homogeneous and in continuous motion during life by the 
action of the heart. On death the heart stops, and then the effects of gravity start to be felt by the red cells, 
and they settle out to the lower parts of the body. 

If, for instance, the body is hanging by the neck, then the red cells will settle into the legs or the lower part 
of the legs and a distinct discoloration will be seen down there in the legs. If the body is lying on the ground, it 
is not quite so simple. Obviously, the red cells will settle down towards the side of the body that is against the 
ground under the influence of gravity. 

You have the body temperature, starting out at normal body temperature, and dropping gradually to 
ambient, maybe going up again afterwards. You have Livor Mortis and Rigor Mortis appearing, gradually up to 
reach their maximum, and then both fading away. All of these require an estimate from an experienced expert. 
Of course, it is a problem. This relies on an expert giving his opinion. It is not a rigorous scientific method. 
Therefore, a lot of research has been done on trying to develop more scientific and hopefully more precise 
methods. 


1.4.1 Ocular Fluid 

One of the suggestions is to use ocular K. That is the K that is present inside the eye, in the vitreous humor 
of the eye. The concentration of K in the eye is lower than the concentration of K in the rest of the body, and 
your biochemical machinery makes sure that this concentration differential is maintained during life. After death 
that machinery is no longer operating, therefore, K from the rest of the body will gradually diffuse into the eye, 
and the K-content of the eye will gradually increase. It has been suggested that this is a good way of 
measuring the time of death, relatively free from environmental factors. 

1.4.2 Circumstantial Evidences 

We can also use circumstantial evidence. Circumstantial evidence typically will not give you the time of 
death, but it gives you a time when that person was still alive. For instance, if at autopsy the stomach and 
intestine contents are examined, you can get an estimate of the time of the person's last meal. For instance, 
the stomach empties in about 2 h. Therefore, if the stomach is empty, then you know it is at least 2 h since 
that person had a meal. 
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1.4.3 Technology is helping 

You can look at someone's watch. Normally, of course, a watch will not stop when a person dies, but 
suppose this is a drowning case, and it is a cheap watch. In that case, the water will cause the watch to stop, 
and you will have a good timing of when the person went into the water. 

Mobile phones are very useful. If you think about it, what was the last time that you used your 
mobile phone? Was not very long ago, was it? This is a quotation from Dr. Nathaniel Cary. He said: 

'Nowadays, last use of the telephone can be terribly important/ 

Moreover, he had been testifying in the trial of a man called Steven Wright who was convicted of the murder 
of several women in a short period of time just before Christmas 2006. Using the mobile phone records, they 
were able to estimate time of death, because when you use your mobile phone it shows you are still alive, and 
the time of that phone call is recorded by the telecom company. This is going to be an increasingly 
useful method. 


2 Decomposing Bodies (Putrefaction) 

What do we do if the body that we found has been there for several days, it is already cooled down to 
ambient temperature, and Livor Mortis and Rigor Mortis have both passed? Well, probably what we would have 
to do at this stage is to look at the state of putrefaction of the body, and, once again, this needs an 
experienced person to make a judgment and give his opinion. 


2.1 What is Putrefaction and How does it Happen? 

When you are dead, of course, you are dead, but all the microorganisms that live inside you they are not 
dead. They keep on going, and they will start to eat you. Essentially they will take your tissues, they will break 
them down chemically, and use them as nutrition, but as a by-product they will produce all sorts of chemicals, 
including gases and volatile chemicals, and it is these chemicals produced by putrefaction that give a 
abandoned dead body its particular smell. If you have ever walked past a ditch where there is a dead dog, you 
know what I mean. An experienced examiner can look at the body and make a judgment. Of course, he does 
have to take into effect all sorts of environmental factors, particularly temperature. If it is a very hot place, 
rather than a very cold place, then of course there is going to be a big difference in the rates. 

You also get effects due to drug use, because if someone has been a heavy drug user the presence of all 
those drugs in their body can affect the rate of which the microorganisms do their stuff. Again, this relies on 
experience. Therefore, one of the problems is there is not many hard scientific studies of the rate of 
decomposition of human bodies. Therefore, some studies are ongoing. 


2.1.1 Body Farm 



Illustration 71: Body Farm, Forensic Anthropology Center, University of Tennessee 

One of them is, as you see, at the University of Tennessee, Knoxville, where they have a so-called 
'Body Farm' which is an area of open ground, which they fenced off, and they will place donated bodies in 
particular situations. Clothed or unclothed, partially buried, etc. Then they can scientifically observe the process 
of putrefaction. Maybe this will make estimates more scientifically reliable. 
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2.1.2 Process of Putrefaction 

During putrefaction this is roughly what happens. After a few days, the body will start to discolor, and also it 
will start to swell. The reason for the swelling is the gases produced by the putrefaction process are inflating 
the body slowly, like a balloon. As the days go past the staining spreads, and the veins of the body start to 
become discolored as the materials in your blood decompose. Further days pass, the abdomen swells even 
more as more gas is developed by the putrefaction process. The skin starts to blister, and eventually the 
abdomen will become very tight and swollen because of all the gas inside. The tissues also break down, 
therefore, the tissues lose their structural integrity, and they start to soften. That means that the organs and 
cavities inside the body, which have been filled with these putrefaction gases, then burst; a little bit like 
balloons. In addition, the fingernails will no longer be attached to the fingers, and they will fall off. 

In a typical case, maybe in four weeks, the soft tissues will be starting to liquefy. One of the consequences 
of this is that the face is no longer recognizable. If the body is found at this stage, somebody just looking at it 
cannot tell who it is, and it will have to be identified by other means. A body exposed to the elements will 
ultimately turn into a skeleton. How long this takes is very dependent on environmental factors, therefore, 
some people in some places might say it takes several years. Here in hot, tropical Singapore it can take as little 
as two weeks for that to occur. 

Now, not all bodies putrefy. If the environmental conditions are right, particularly if the conditions are 
extremely dry, then the body will become mummified, and the tissues will actually be preserved. Mummification 
does happen by accident, because the body happens to be in those circumstances, but, of course, the 
most famous kinds of mummification are where it has been done deliberately. 



These four people in the illustration here were all mummified. There is Pharaoh Ramses the second of 
Egypt; next is Lenin, the founder of Communist Russia, who was mummified and preserved by having a 
secret chemical injected into him after his death, and his body is still there in Moscow. If the Russians did it, 
then of course the Chinese did it. Therefore, there is chairman Mao. The last of these four people actually 
specifically wished to be mummified, and he said so. He is Jeremy Bentham, the English philosopher who was 
also the founder of University College London, and if you go to University College London you can go and see 
him there, he is still there. 

3 Decomposing Bodies (Forensic Entomology) 

An additional technique for bodies that are in this stage is to use what is called forensic entomology. 
Entomology is the study of insects. 

3.1 How can we use Insects to determine the Time of Death? 

Our dead body is laying somewhere outdoors, it is starting to smell, and it is detected very quickly by 
insects. The females, of course, are always looking for a good place to lay their eggs, and there is nothing 
better than a dead body. They can lay their eggs on the dead body, when the eggs hatch their children come 
out, that are the maggots, and then their children are assured of a really good supply of food, therefore, that 
they can develop and produce the next generation of blowflies. The life cycles of these creatures are usually 
fairly regular. If you can find a maggot off the corpse, and you can estimate how old that maggot is, you have 
a good estimate of the time of death, but it has to be done right, because each kind of insect has its own 
life cycle with its own timing. 
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Illustration 72 : Maggots 

The first thing you have to do is to know the species. This is not so easy from a maggot. Therefore, what is 
typically done is that the maggots are collected from the body, from the corpse. They are taken back to the 
laboratory, and they are reared to adulthood. When you have the adult, it is much easier to identify the species. 
When you identify the species, then of course you know what the life cycle is. Therefore, when you take your 
maggot back to the laboratory, and you rear it to adulthood, you also time how long it takes to reach the 
adult stage. Then you can back calculate from the length of the life cycle how long it had been on the body. 

3.2 Life Cycle of the Blowfly 

It starts out as an egg. The egg hatches to give the little maggot called the first instar, and then it changes 
to the bigger second instar, and then the third instar maggots. When they are fed sufficiently they will turn into 
a pupae, they will undergo their metamorphosis, they will emerge as the adult, and the life cycle of the blowfly 
has gone around once. 



Illustration 73 : Blowfly 


3.3 Peter Thomas Case 

Sometimes this technique is very powerful. An example comes from this case from back in 1964 involving a 
man called Peter Thomas. In this case, some boys had gone down to the local woods, because they wanted to 
collect worms, so they could go fishing. They found more than worms. They found the dead body of 
Peter Thomas, absolutely covered in maggots. Of course, the police came, the police looked at the body, and 
they thought that it had been there for maybe 6-8 weeks, but a forensics expert, Professor Keith Simpson was 
called in. 

Simpson took a look at the maggots, and he disagreed with that 6-8 week's estimate. He said, 'At least 9 or 
10 days, not more than 12 days.' Ehen they did the back calculation that works out as June 16 or June 17 of 
1964, and these days proved to be extremely important in the prosecution. 

The police had identified a suspect in the case, this was a man called William Brittle who had some 
financial dealings with Peter Thomas, and there where some bad results from this. It was suspected that Brittle 
had murdered Thomas in some kind of dispute over money. When this went to trial, one of the issues was the 
time of death. Keith Simpson had said that Thomas was dead on June 16 or June 17. Very importantly, Brittle 
had no alibi for that time, but he had a good alibi for dates after that. Well, the defense came up with 
3 witnesses, who claimed they had seen Peter Thomas alive and well on June 20 th or 21 st , several days after 
Simpson says he is dead. 

Here on one hand you have the maggots, on the other hand, you have the eyewitnesses, but the defense 
went a bit too far. They called their own entomologist, and they asked him to testify based on the 
maggot evidence. That is where it went wrong for the defense, because their expert turned out to agree with 
Simpson saying the man was dead on the 16 th or the 17 th . 

Whom are you going to believe? Are you going to believe the eyewitnesses, or are you going to believe the 
maggots? Well, in this case the jury preferred to believe the maggots, not the eyewitnesses. On the other hand, 
forensic entomology can also let you down. 
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3.4 Danielle van Dam Case 

Let us look at the case of a young girl called Danielle van Dam who was murdered back in 2002. She was 
about seven years old. She was last seen alive by her parents on the evening of February, first when her 
mother put her to bed. The next morning she was missing. Therefore, from February 2 she had disappeared. 

Suspicion fell on a man called David Westerfield who lived nearby, and he had gone off on a trip into the 
desert. This is in California. Fie had gone off into the California desert in his RV for a few days, and only came 
back home on February 5. As soon as he came back, he was essentially placed under police surveillance. From 
February 5, the police were watching him, and you really cannot get a better alibi than being watched by the 
police. 

It took a long time for Danielle's body to be found. It was finally found on February 27. This is more than 
three weeks after her disappearance. It was up in the California mountains, obviously by this time badly 
decomposed, and also it had been attacked by animals, maybe coyotes or something. In fact, one of the ways 
they had to use to identify the body was to fingerprint it. Therefore, the fingerprint, even though the tissues 
were decomposing, they were able to get a fingerprint off the skin of the finger. 

3.4.1 When did Danielle die? 
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When was her body dumped in the mountains? Well, here is the calendar of January and February, and they 
consulted a number of experts, particularly forensic entomologists, to get estimates of when her body was 
placed in the mountains. What I have done here is to highlight in red those few days from February, second to 
the fifth, when David Westerfield was on his trip to the desert. 

Rodriguez made the estimate that the body had been there since the second half of January. Well, of course 
this is impossible, because as you know Danielle was tucked into bed by her mother on February 1. This expert 
conceded that maybe he could stretch the dates through into the first week of February, which includes the 
time of Westerfield's desert trip. 

Flail, looking at the entomology, put it from the 12 th to February 23, basically, the second half of February, 
which is time when Westerfield was under police surveillance. Goff estimated a slightly earlier period, but still 
during that period of police surveillance. Faulkner pinned it down to a few days. Again, it is in middle February, 
and Haskell, again, it is the late part of February. 

When you see five experts in the same area giving estimates that are so widely varying, this does not lend 
very much credibility to the subject. The investigators, of course, also consulted Medical Examiners, and the 
Medical Examiners gave this estimate here from February 1 to late February. As I said at the very beginning, it 
is very difficult to give a very accurate estimate, and that is why the range they have estimated here is so big. 

3.4.2 What went Wrong? 

Why is it that the entomologists' estimates are all over the place? 

Well, there are other variables that have to be taken into account. One thing is the weather. This is up in the 
mountains. The weather in the mountains can be very variable. Maybe the weather at the weather station, 
which was some miles away, was somewhat different from the weather where Danielle's body was left, and 
therefore, it is not possible to make an accurate estimate. 

There is also the possibility of micro-climates. Anyone who has been in the mountains knows that the 
south-facing side of the mountain the weather is quite different; it is distinctly warmer to the north side of the 
mountain. In fact, in mountainous countries, you only have to go a few hundred m, and you can experience 
these changes. 
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Another factor is whether the body was covered or not. If the body had been covered, then it would delay 
when the insects would find it, and this was never really resolved. Then again, of course, there is the possibility 
that actually David Westerfield was innocent, and that the entomologist had it right. 

Well, in the end, David Westerfield was found guilty, and he was sentenced to death by lethal injection. At 
the time of recording, he is still in prison, awaiting that sentence to be carried out. Presumably, the jury 
believed the evidence of the medical examiners, and discarded the opinion of the entomologists. They also 
considered other evidence such as the fingerprints, blood spots, and a hair from the van Dam family dog in the 
Westerfield RV as indicating guilt, but the story very clearly illustrates that making these estimates can be 
very difficult indeed. 

4 Analysis of Skeletal Remains 

Ultimately, the body is going to turn into a skeleton. Once it is a skeleton, it is very difficult to get 
good information, because bones, after all, are bones. 

One test that can be done is to look at fluorescence. Fresh bone will fluoresce under UV-light. Old bone, 
maybe more than 100 years old bone, will no longer fluoresce. This is very useful, because if bones turn out to 
be more than 100 years old then you can be pretty safe in assuming that anyone associated with that event is 
also going to be dead by this time. 

You can do some analysis to get some more information. What we can do is use techniques of 
elemental analysis to measure the level of specific elements in the bone, and this can enlighten us a little more. 
This is typically called FUN analysis, after the three elements F, U, and N. 

Now, fresh bone contains proteins. All proteins contain the element N, and in fresh bone, if you analyze it, 
you will find that bone is about 4 % N by weight. Flowever, let us suppose the body is in a grave or somewhere 
exposed. The proteins in those bones will gradually break down with time, but as the protein molecules 
breakdown, the N-containing compounds will diffuse out of the bone into the environment and be lost, which 
means that the bone N-content will decrease with age. 

Let us turn to the other two elements, F and U. These two elements are not naturally present in bone; 
therefore, the content of these two elements in fresh bone is 0 %. There should not be any F or U in your 
bones. Now suppose those bones are buried in an area where the groundwater contains appreciable amounts 
of those elements. Okay, they would be leached from the local rocks. Then the bones will absorb those 
elements from the environment, and that means that the concentration of F and U will increase with time. 

You cannot use this as a kind of clock to determine time of death, because the absorption of these elements 
depends on their presence in the local environment. Therefore, if that body is in a place where the 
local geochemistry means there is no U, then, of course, it will not absorb any U, however long you leave it, but 
if it is in an area where there is U naturally present as a trace mineral in the rocks, then you will get 
U-absorption. You cannot use it as a clock, but you can use it to compare two bones from the same place. If 
those two bones have been in the same place for the same length of time, the same number of century's 
maybe, then they should have the same amount of U and F. 

4.1 Piltdown Man 



Illustration 74 : Skull; Neanderthal Man Illustration 75 : Skull; Peking Man Illustration 76 : Skull; Java Man 

(Cro-Magnon) 

Flere is an example where this kind of analysis proved critical, and this is the story of Piltdown Man. If we go 
back about 100 years or a little bit more, one of the great scientific challenges was finding the ancestors, our 
own ancestors, and the ancestors of Flomo Sapiens. The Germans had found the remains of 
ancient humanoids; this is the Neanderthal Man. The French had found the remains of ancient humanoids as 
well, this is Cro-Magnon man, and since then, of course, we also have Peking man and Java man, and all the 
discoveries in East Africa. 
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However, 100 years ago British paleontologists were very disappointed, because they not been able to find 
any ancient humanoid remains anywhere in Britain. Therefore, they have nothing to compare with the remains 
found by Germans and French. Well, one dig that was going on was at a place called Piltdown, it is a little way 
outside London, and this was during the period 1912-1915. Alongside many bones of prehistoric animals, they 
also found two fragments of humanoid bone. They claimed that these were approximately 500,000 years old, 
and therefore, of course, they went to the Natural History Museum in London, and they were displayed in 
Prideaux Place. 



Illustration 77 : Skull; Piltdown Man 


Now, what they found was two fragments of bone, and you can see the reconstruction in this picture here. 
What they found is the too dark parts. You can see a skull fragment, and you can see a jaw fragment. When 
you look at these fragments, you conclude that the skull fragment is very similar to a modern human, whereas 
the jaw fragment is more similar to a modern ape, which indicates that in evolutionary terms our braincase 
evolved before our jaw evolved. 



This finding was never completely accepted by the community, because the more favored theory was that 
the jaw evolved in advance of the brain. Nevertheless, those bone fragments were there in the Natural History 
Museum until the late 1940 s . By the late 1940 s , chemical techniques had improved a lot, and someone had the 
courage to go to these bone fragments, and do a little bit of chemical analysis. In fact, he analyzed them for F 
and N, and this is what they found: The skull fragment turned out to be 0.2 % F, whereas the jaw fragment 
had essentially no detectable F or almost no F. 

That means that the two pieces of bone had not been in that site at Piltdown for the same length of time. 
Therefore, they could not come from the same individual; they had to come from different individuals. What is 
more, the jaw fragment turned out to contain almost 4 % N, which meant that the jaw fragment must be 
essentially a modern piece of bone. 

It turned out that that jaw fragment actually had been taken from a modern orangutan, whereas the skull 
fragment was human, and it was a few centuries old. It was a hoax. Someone had acquired these two 
bone fragments, had chemically dyed them so that there is the dark color that you see in the picture and 
therefore look old. That person had placed them in the excavation so that they would be found by the 
Paleontologists. 

Well, it has never been proved who did it. There are suspicions about who might have done it, but, of 
course, after this length of time it has never been proved. The Piltdown man stands as one of the most famous 
examples of a scientific fraud, but it is a scientific fraud that has been exposed by chemical analysis. 
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4.2 Carbon-14 ( 14 C) Dating 

What if the human remains that have been found are really old? What technique can we use for dating 
them? 
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Illustration 78 : Comparison of C-Isotopes 

The answer is the technique called 14 C dating. The element C is ubiquitous in living organisms. It is the basis 
of all life on Earth. Now, C comes in three forms. By far the most common is 12 C; this is the isotope carbon-12. 
Therefore, in 12 C, the nucleus of the atom is made up of six protons and six neutrons, and it is a quite stable 
nucleus. A very small amount of C is 13 C. In 13 C, the nucleus of the atom is made up of six protons and 
seven neutrons, and, again, this is a perfectly stable atom. Nevertheless, there is a small amount of 14 C. In 14 C, 
the nucleus is made up of six protons and eight neutrons, and this is an unstable nucleus. That means 14 C is 
radioactive. If you have a sample of C which contains 12 C, 13 C, and 14 C, gradually, slowly over time, that 14 C will 
decay and disappear. 
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Illustration 79 : 14 C Decay 

Now, radioactive decay occurs at a very fixed and regular rate, for 14 C we know what the rate is, and we 
measure the rate by the so-called half-life. The half-life is the time it takes for V 2 the atoms in your sample to 
undergo radioactive decay. For 14 C, that is just over 5,000 years. Therefore, in 5,000 years V 2 of your 14 C will 
disappear. In another 5,000 years, you will be down to V4, in another 5,000 years down to Vs, a.s.o., a.s.o. 

4.2.1 How can we use this for dating? 

The key assumption is the amount of C0 2 , which is 14 C in the atmosphere, is approximately constant. 
Therefore, 14 C is produced by the bombardment of the atmosphere by cosmic rays. As long as the 
bombardment by cosmic rays is constant, then the formation of 14 C is going to be constant. 

Now, where does the 14 C go? It is present in the atmosphere in C0 2 . Therefore, whenever a plant absorbs 
some C0 2 from the air, it absorbs that amount of 14 C, and that 14 C will then make its way through the 
food chain, and end up in herbivorous animals, carnivorous animals, us, anything made of wood, etc. We 
continually intake small amounts of 14 C from the diet, and, of course, we give out 14 C when we breathe, which 
means it reaches a steady state. 

In a living organism, the amount of 14 C is at a steady state during life, but, of course, when you die all this 
stops, but the decay of 14 C through radioactive processes does not stop. After death, the amount of 14 C drops 
through radioactive decay at a very nice and fixed mathematical rate. Willard Libby, who won the Nobel Prize in 
1960, developed this as a dating method, and he was able to calibrate it against historical objects, therefore, 
we can have a great deal of confidence in this method. 

The limitation of 14 C is that the object you are studying must be more than a few centuries old. More than, 
say, 400 years old. The reason for that is very simple, that if something is only 100, or 200 years old, the 
amount of 14 C that is decayed is too small for us to measure accurately. Therefore, if something is 500 years 
old then we can get a good measurement. If something is 10,000 years old, we can also get a 
good measurement. 
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Steady U C levels 


Spike in '*C levels 


' 4 C levels take very 
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Illustration 80 : Limitations of 14 C Dating 

Future archaeologists are going to have a problem, and that is because the assumption of the 14 C in the 
atmosphere being constant has now broken down, and this is due to testing of atomic bombs in the 
atmosphere back in the 50 s and the 60 s . Those atomic bomb explosions produced all sorts of isotopes, including 
14 C. You can see on the graph here that prior to atom bomb testing the 14 C-level was nice and steady. Then it 
jumps up to a big spike because of atom bomb testing, and it is slowly dropping away, but it is going to take 
some time for it to get back to normal. 


What does this have to do with forensic science? 


4.2.2 Peter Reyn-Bardt Case 

We are talking about things here that have been dead for centuries and centuries. Well, let us look at the 
story of Peter Reyn-Bardt. It was suspected that Peter Reyn-Bardt murdered his wife Malika back in 1960, but 
there was no evidence. More to the point, there was no body. Her body was never found. It was suspected that 
Reyn-Bardt had buried her body in this place called Lindow Moss, and this is a peat bog on the edge of 
Manchester. 

Peat is formed when the vegetation of the bog is compressed. Traditionally in Northern Europe, peat has 
been used for centuries, particularly for fuel. If the peat is dug out, cut up, and dried. It can then be burned as 
fuel. In 1983 a man was doing just that, he was peat cutting when he found a skull fragment. An examination 
of the skull fragment showed it still had tissue attached, even brain tissue, which of course indicates it must be 
quite recent, and therefore, this was handed to the police. 

The police went to Reyn-Bardt, confronted him with the fact that they found this fragment, Reyn-Bardt 
confessed, and he was convicted of murder, and sent to prison. Then someone had the idea of sending that 
fragment to Oxford University for 14 C-dating. When the results came back, it must have been quite a surprise to 
Peter Reyn-Bardt, because it turned out to be nearly 2,000 years old. It was not from his wife after all. 

However, what is surprising is that its 2,000 years old, but it still contained tissue. How can tissue survive 
that period of time? 



The answer comes in the very unusual chemistry of the peat bog. On the left, there is Lindow Moss. It is a 
peat bog. As I said, peat is formed by the compression of this vegetable matter in this swamp. The 
vegetable matter, as it breaks down, releases chemicals into the water. Most particularly, it releases tannins, 
and this is why the water on peat bogs has often a brown color. Those are the same chemicals that make tea 
brown. In fact, they taste about the same too. The peat bogs are acidic, and also these tannins have 
anti-bacterial properties. That means that the microorganisms, which are responsible for the tissue breakdown, 
cannot grow. That growth is inhibited by these natural antibiotic tannins. 
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Now, it is not true for all peat bogs. On the left, there you have Lindow Moss, where that skull fragment was 
found. On the right is Dartmoor. Dartmoor should be well known to all of us, because quite a few of the 
Sherlock Holmes stories are set on Dartmoor, most famously, the 'Hound of the Baskervilles'. The 
Dartmoor chemistry is quite different. Dartmoor has 20,000 archaeological sites, and that is one in the picture. 
Many of those archaeological sites are graves, that one is a grave. The depression in the centre of that 
stone circle is where the body was buried, and yet there has been almost no human remains found on 
Dartmoor. The chemistry there is a little bit different, the human remains dissolved away. 

Now, peat and peat bogs are not restricted to England, they are spread all across Northern Europe, 
Northern Germany and, especially, Denmark. As people have been cutting the peats for fuel and for 
other reasons, they have been finding bodies in the bog. These bodies typically are extremely well preserved, 
they date back to about 2,000 years ago, and they are from the Celts. The Celts were the people living in this 
part of Europe at that time, and they, it is believed, practiced human sacrifice. What they would do is they 
would ritually kill the person involved, and then drop their body in the bog. What they did not know is that the 
body would be preserved for thousands of years. 



Here is one of them, the Grauballe Man. He is found in Denmark, and you can see remarkable preservation. 
That may be his original hair color; it is not his original skin color. That is the result of the tannins. 

Typically, what used to happen when bodies such as Grauballe Man were found by peat cutters, they looked 
so well preserved that the peat cutters would assume this was a murder case, and they would call the 
local police. The local police would come, they would take a look, then they would call the University, and the 
professor specializing in this would come over. Moreover, in fact, in Denmark they have a museum dedicated to 
these people. One bog person has been found in Lindow Moss where Reyn-Bardt is believed to have buried the 
remains of his wife. This is Lindow Man, and if you happen to be in London, you can go to the British Museum 
and take a look at him. 

5 Otzi Case; Summary 

Well, let us end this lecture by looking at the oldest body in the world. 



Illustration 81: Otzi 


This is Otzi, who was found in the ice high up in the Alps, and he was found high up in the mountains by a 
pair of hikers. What had happened is that the warmer climate had caused a lot of snow and ice to melt, and his 
body had become partially exposed. Well, when he was seen by these two hikers, they of course assumed that 
he was a recent accident victim, and they called the local authorities. 

Then, of course, it was realized he was not a recent accident victim, he had actually been up there in the ice 
for many years. It turns out that he had died up there in the mountains 5,000 years ago. His body had been 
covered in snow, encased in the ice, and had been preserved for 5,000 years. Many of his possessions, such as 
the axe he had with him, his clothes, were also preserved. We do not know why he was up in the mountains. 
We do know that he was injured with an arrowhead buried in one of his shoulders, but we also know that he 
found a rather curious place to die. 
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When these two hikers were hiking in the mountains, they thought they were inside Austrian territory. When 
the body was found, it was taken to Innsbruck in Austria for further studies. Only later did someone realize that 
he had actually crossed by a few meters into what is now Italian territory to die. Therefore, the Austrians had to 
hand him over to the Italians, and now he is in a museum of his own in Bolzano, Italy. Otzi is believed to be the 
oldest body in the world, preserved by the ice and snow of the Alps. 

In this lecture, we have looked at many different techniques that can be used to determine time of death 
depending on how long the victim has been dead. We have looked at Rigor Mortis, Algor Mortis, and 
Livor Mortis, which lasts for a day or two days. We have taken a look at some of the circumstantial evidence 
that can be used, and will be increasingly used. For bodies that have been dead a bit longer we can look at the 
state of putrefaction, and we can do some entomology with the maggots. Then, getting in to historical, 
archaeological territory, we have FUN-analysis. We have bone-fluorescence; we have 14 C dating. All the same, 
whichever technique we use to determine time of death, we have to understand that it can be affected by 
external environmental factors, therefore, all of these estimates are subject to errors of one magnitude or 
another. 

6 Blood 

The topic of this lecture is blood, and the forensic uses of blood evidence. This topic is sometimes called 
forensic serology. 

6.1 Is it Blood? 

In a violent crime there is likely to be blood spilled. There may be blood on the victim, there may be blood 
around the crime scene, and there may be blood on the suspect. If it is fresh blood then it is fairly obvious that 
it is blood, but if it is old, dried blood it is not always possible to tell just by looking at it that it is blood. 
Therefore, we need to have some tests to find out if these stains on the suspect or the crime scene actually are 
blood, and in some cases, for instance, if the crime scene has been cleaned up, there may be no visible signs of 
blood. We need a test to show up these signs of blood. 

6.2 Is it Human Blood? 

Once you have found blood, and you have determined that it is blood, and then the question is; is it 
human blood? Moreover, if it is human blood, whose blood is it? 

Now, in a violent crime, where there is a lot of blood scattered around the crime scene, another question 
arises. Can we use the pattern of how the blood is spattered to reconstruct the events that occurred? 
Therefore, these are some of the questions we will address in this lecture. 

6.3 What is blood? 

It is a very complex substance. It makes up about 8 % of our body weight; therefore, there is a lot of it 
about. Now, blood is, as we know, a liquid, but is it only just a liquid? The fluid portion of blood, which is the 
blood plasma, is just >Vi of the blood by weight. This consists of water and various other biochemicals such as 
proteins, nutrients, and also waste products from our metabolism. Therefore, blood acts as a transport system 
to move all these substances around the body. 
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Illustration 82 : Types of Blood Cells 

Now, blood also contains blood cells, and this makes up the remainder of the material. There are 
different cells for doing different things. The red blood cells, their principal job are O-transport. It has to 
transport 0 from the lungs down to the cells where it is needed. There are also the white blood cells. These are 
responsible for our immune response. Then there are also platelets, and these are responsible for the 
clotting response. 
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6.4 Red Blood Cells 

Let us look closely at the red blood cells. They are not very big. They are about 7.8 \a in diameter, so you 
can get about 5,000,000 in a |J. They have this particular concave shape, as shown in the picture. One of the 
odd things about red blood cells that make them different from all our other cells is that they contain no 
nucleus. That means that the red blood cells, as they contain no nucleus, do not contain DNA. Therefore, if we 
are getting DNA-evidence from blood, then that DNA must come from the other cells that are present. 

As we have mentioned, the principal function is transport of O by binding of O to the hemoglobin molecules 
that are present. On the surface of the red blood cells, there are some special proteins, which are called 
antigens, and it is these antigens that are responsible for the phenomenon of blood typing. Now there are 
many, many different kinds of these antigens. Fact there is well over 100, if you can include some of the 
rarer antigens as well, but a few of the antigens are much more common than others, and it is these antigens 
that give us the A-B-0-system of blood typing. 

6.4.1 Antigens 

You know very well that if you have a blood transfusion you must be given blood of the right type. Now, in 
the very early days when blood transfusion started, and nobody understood blood type, some people would get 
a blood transfusion and be fine; some people would get a blood transfusion, and they would be very ill or they 
would die. This confusion was only sorted out by Karl Landsteiner in the early part of the 20 th century, and he 
won the Nobel Prize for medicine for developing the A-B-0-system of blood typing. 

Now, how does blood type work? Well, if you have type-A blood, it means that on the surface of your 
red cells you have the A-antigen. If you have type-B blood then on the surface of your red blood cells you have 
the B-antigen. If you are a type-AB then on the surface of the cells you have both sets of antigens, both A and 
B. If you are like me, you are a type-0, and then on the surface of the red cells you have neither A nor 
B-antigens. 
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Illustration 83 : A-B-O Blood Types 


The percentage of people who have these different blood types varies from country to country. Here in 
Singapore, 0 is the most common; it is at about 40 %. The AB is the least common, down at about 5 %. 


Blood Type 

Percentage [%] 

0 

40 

A 

25 

B 

30 

AB 

5 


Table 2 : Occurrence of Blood Types (Singapore) 


What does blood type mean? 

The only thing blood type means is what kind of antigens you have on your red cell-surfaces. It does not 
mean anything else. In some countries, however, it is the belief; it has commonly thought that your blood type 
also dictates your personality. 
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"I am type B and 
have the tendency 
to be simplistic and 
straightforward at 
times. 1 ’ 

- Ryu Matsumoto 


Well, the answer to that is no. Here is a former minister of the Japanese government who got into a lot of 
trouble and had to resign, because of some insensitive comments that he made. His excuse was that he was a 
type-B. In reality, blood type does not mean anything like this. 

6.4.2 Antibody 


Antigens 



Antibody 

Illustration 84 : Antigene-Antibody Reaction 

Now to go with the antigens we have the antibodies. The antibodies are big protein molecules, which make 
up a large component of our blood. They are produced as part of our immune system. The purpose of an 
antibody is to bind any objects in the blood that they recognize as alien. 

Okay, anything in the blood that should not be there should be bound up by an antibody. If you look at the 
structure of the antibody, it is Y-shaped. You can see two hands sticking out, and those hands on the end are 
the antigen binding sites. The important thing about the antibodies is that the interactions are 
extremely specific. The antibody will only bind to its target, and not to anything else. 

The blood serum can contain antibodies that correspond to the surface antigens of the red blood cells. 
Therefore, if you are blood type-A, then your blood will contain the anti-B antibodies, because if you were 
type-A, then the B-antigens would be alien to your blood. If you are type-B then, of course, you will contain the 
anti-A antibodies, because A would be alien. Therefore, you have the antibodies, which are the opposite of your 
blood type. If you are AB, where you have both sets of antigens, then you do not have either kind of antibody. 
If you are type 0, where you have neither kind of antigen, then your blood will contain both sets of antibodies. 
A type A person will have the anti-B antibodies in the blood. These antibodies cannot bind to the antigens on 
the type-A red cells. 

6.4.3 Rhesus Antigens 

Now, remember that the antibody has two hands; it has two binding sites, which means that the antibodies, 
the anti-B antibodies, and the B-red cells will clump together in this complex network. This is called 
agglutination, and this will result in serious medical problems. As I mentioned before there are many different 
antigens, and the A-B-0 typing system is based on just the A and the B-antigens. 

Of the less common or less often used antigens, the one that is more studied is the D. This is why when you 
talk about your blood type you do not just say A, AB, B, 0, you also add positive or negative. If you have a 
positive blood type then it means you have the D-antigen. If you have a negative blood type then you do not 
have the D-antigen. 
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Blood Type 

Percentage [%] 

0+ 

34 

O- 

6 

A+ 

21 

A- 

4 

B+ 

25.5 

B- 

4.5 

AB+ 

4 

AB- 

1 


Table 3 : Blood Type Distribution (Singapore) 


On average about 85 % of people are Rh+, and 15 % are Rh-. If we recalculate the percentage of people 
with the different blood groups using this information, then 0+ becomes the most common, and AB- becomes 
the least common at about 1 % of the population here in Singapore. 

Let us think about blood type in terms of forensic science, one of the objectives of forensic science is to take 
evidence from the crime scene and individualize it. That is to associate it with a single person. If you look at the 
percentages here, you can see that blood type, or blood group, is really not very individualized at all. 

When you talk about the common types, like 0+, B+, that is many people, even when we go to the 
least common blood type, the AB-, we are still talking about 50,000 people in this country. Therefore, 
blood type is really not very individualized at all. 

To address the problem studies were carried out on the less common antigens to try to get towards 
individualization of blood type. A lot of work was done on studying these antigens, but then everything 
changed. In 1990 or so, DNA technology was introduced. 

DNA technology means that you can take a blood sample, and you can individualize it. Therefore, all this 
research into the forensic uses of these minor antigens stopped, because it had been superseded by DNA. That 
does not mean that blood type is not important. It just changes the way that we use blood type. Blood type 
cannot be used to prove guilt, because it is not individualized. Blood type can be used to establish innocence. 
Suppose at the crime scene the blood found there is type-A, and your suspect is type-B. Then that suspect 
ceases to be a suspect, and you have established his innocence, but if that suspect was type-A it does not 
prove that he was guilty. It just means you have to go on, and look for further evidence. 

7 Tests for Blood 

Well, if we have a stain on a suspect or at a crime scene, that we suspect might be blood, how do we 
demonstrate that it is blood? 

7.1 Presumptive Tests for Blood 

There are a number of quite simple chemical tests, which we can use as presumptive tests for blood. One of 
the old one's is called the Benzidine test. This tends to be not used anymore, because of the toxicity of the 
chemicals involved. 

7.1.1 Phenolphthalein Test 



An excellent test that gives a nice color reaction is the Kastle-Meyer test using Phenolphthalein. 
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Another very good reagent for testing for blood is Luminol. It reacts with the iron, giving a blue glow 
(depending on chemiluminescence). 


All of these tests are based on the chemical property of blood, that it can catalyze the breakdown of 
hydrogen peroxide to water and oxidizing species. 


7.1.3 Kastle-Meyer Test 



I J [ Colourless 


Formula 6 : Kastle-Meyer Test 

Let us take a look at the Kastle-Meyer test. What you need for doing the Kastle-Meyer test is reduced 
phenolphthalein. On the left, this is phenolphthalein in its acidic-form, which is a colorless material, but in alkali, 
phenolphthalein loses a proton, and turns into its alkali-form, which is a very bright pink color. Now, if this 
alkaline form is reacted with zinc powder, it is reduced, and this reduced form is once again, colorless. 


Illustration 86 : Positive Blood Stain Test 

In the presence of an oxidizing agent that reduced form is converted back into the bright pink form. If we 
give it hydrogen peroxide, this is an oxidizing agent, but hydrogen peroxide alone cannot turn the reduced-form 
back into the pink alkali-form. What it needs is a catalyst, and one excellent catalyst for this reaction is blood. If 
we have a suspected bloodstain, we treat it with reduced phenolphthalein and hydrogen peroxide, and we see 
the color change to pink, then it probably is blood, but it is still only a presumptive test for blood; it does not 
prove its blood. It just says it is most likely to be blood. 
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Illustration 87 : Test: Bloodstain? 

This is because there are other materials, not just blood, which can catalyze this reaction. For instance a 
potato, it turns out that there are very powerful enzymes in potatoes, which are excellent catalysts for this 
reaction. Potatoes are one example of something that can give what we call a false positive in the 
Kastle-Meyer test. There is a mysterious stain on this piece of tissue paper here. Could be a blood stain, but old 
blood stains just look like brown stains, Therefore, it could also be paint or chocolate or something like that, but 
what we are going to do is to use the Kastle-Meyer test to find out if that is a blood stain. 

When we add the Kastle-Meyer reagent, nothing happens. That is because we have not added the 
oxidizing agent, which is hydrogen peroxide. This is not the dilute kind of hydrogen peroxide that some people 
might use to bleach their hair. This is 30 % hydrogen peroxide, and this will burn holes in your epidermis. You 
immediately see the pink color, as the hydrogen peroxide re-oxidizes the reduced-form of phenolphthalein, a 
reaction that is catalyzed by blood. 

Probably, that brown stain on that tissue is blood. Well, the Kastle-Meyer test is not perfect, because a 
number of substances will also give positive results. That is so-called 'false positive,' and one of these 
substances that will do this is the humble potato. 

8 Precipitin Technology 

8.1 Is it Human Blood? 

If you have done your Kastle-Meyer test or your Luminol test, and you have determined that a stain found at 
the crime scene really is blood, there is still the question of whether it is human blood or whether it belongs to 
some animal. 

8.1.1 Antibody Technology 

We can use antibody technology to determine which species blood comes from. The way this is done is that 
a sample of human blood is injected into a rabbit. The rabbit's immune system reacts to the presence of the 
human blood, and it produces antibodies against those components in the human blood. Therefore, serum from 
that rabbit's blood can then be used as the test reagent. 

For instance, if we take our suspected human blood and treat it with the rabbit serum, then, when the 
human blood meets the rabbit serum that contains the antibodies, the antibodies, of course, will bind 
components in the human blood, and there will be a distinctive sign that there is an interaction. If the two 
interact then it proves the sample is from human blood. This is usually done in a gel. 

The antigen and the antibody are placed in separate wells in a gel, and then, using an electric field, they are 
induced to migrate towards each other. If there is an interaction between the antibody and the sample when 
the two meet, then there will be a visible precipitin line in the gel. If there is no interaction then there is no 
visible line, and you would know that it is not human blood after all. 

8.2 Christopher Nudds Case 

This kind of technology is important. It has been used, for instance, some years ago. Christopher Nudds was 
accused of killing his friend, Fred Moss. Part of the evidence for this accusation was the presence of many 
bloodstains in Christopher Nudds' Range Rover, but it turned out that Nudds was a hunter. Therefore, the 
bloodstains presumably were from some of the birds and animals that he had captured, killed, and driven back 
home in his Range Rover. The precipitin test had to be used to find out from which species all of these 
bloodstains came from. 

Sure enough, most of the bloodstains in the Range Rover were from hunting. They came from birds and 
animals such as rabbits. Flowever, that was most of the bloodstains; it was not all of the bloodstains. Some of 
the bloodstains indeed turned out to be human. Once the human bloodstains had been identified, then it was 
possible to use DNA to find out whose blood it was. It turned out that human blood in the Range Rover 
matched Fred Moss. Christopher Nudds was subsequently convicted of his murder, and it is going to be a 
long time before he goes hunting again. 
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9 Blood Spatter Analysis 

We have talked about blood biochemistry, and how we can use blood biochemistry to determine where 
blood comes from, and to whom it belongs. Now let us talk about some blood physics, and see if we can work 
out how the blood got there. 

What we are going to do is take a look at some blood patterns, and see if we can reconstruct the crime from 
the pattern of the blood. If there is blood on the suspect, from looking at how the blood is distributed can we 
understand how the crime was committed? 

The technical term for this distribution of the blood on the suspect in the crime scene is called blood spatter. 
Therefore, what we are going to do is blood spatter analysis. Here are some typical marks in blood that might 
be found at a crime scene. Both of these marks come from the transfer of blood. 

9.1 Transfer of Blood 




Illustration 88 : Transfer of Blood 


In this case, blood has got on an object, and has been transferred to the place were it is found. On the left, 
for instance, clearly someone has stepped in blood, and this is a partial bloody footprint. On the right is a 
handprint in blood. Someone has blood on his or her hand or his or her hand is covered in blood, and then it 
has been smeared on the wall here. 


9.2 Arterial Spurting 



Illustration 89 : Arterial Spurting Pattern 

The pattern, the way that the blood is distributed, can tell you about where the blood came from, and how it 
got there. If in a violent crime an artery is severed, then there will be a very characteristic pattern of 
arterial spurting, because arteries come directly from the heart, the pressure in the artery varies as the heart 
beats, and this means that blood will spurt from the artery. Instead of a continuous flow, you will get a spurt 
with each heartbeat, and this gives a splash of blood, in this case, on the wall. Moreover, because it is a 
relatively large amount of blood coming from the artery, it will then dribble down the wall. This is called 
arterial spurting. 

9.3 Blood Drips 



Illustration 90 : Blood Drips Pattern 

On the other hand, if someone has a much smaller wound, and, for instance, is standing there wondering 
what to do, then you will get a pattern of blood drips. Now, the exact pattern will depend on the surface in 
question, and also how long the person stands there with blood dripping into the pool. 
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Illustration 91: Low Velocity Spatter 

The pattern created by flying blood will also depend on the violence of the event that caused that blood to 
fly. If it is a relatively low energy event, for instance an ordinary fight, then you will get low velocity 
blood spatter. This can also be from blood that is falling from a wound, and also blood that is cast off. For 
instance, if someone is struck with a weapon, and the assailant then pulls the weapon back to take a 
second blow, as he pulls the weapon back there will be some blood drops cast off from the weapon, and these 
would also give you low velocity blood spatter. 
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Illustration 92 : Blood released or thrown from a Blood-Bearing Object in Motion 

Thinking about someone being attacked by a weapon, for instance, being beaten with a baseball bat, this is 
a relatively energetic event. The blood that is flying around will move somewhat faster, and this will give 
medium velocity spatter as shown in the picture here. 



Illustration 93 : High Velocity Blood Spatter 

The most energetic events, for instance, would be associated with gunshots, and this gives high velocity 
blood spatter where you have many small droplets of blood, moving very fast, a little bit like a mist. This is 
high velocity blood spatter. 
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Illustration 94 : Circular Blood Spatter Mark 

By looking at these patterns of blood, the forensic scientist can determine something about what happened 
in the crime. Now, let us consider a falling drop of blood. A blood drop, as it falls, is roughly spherical. If it hits 
the floor at an angle of 90°, then you will get a circular blood spatter mark. 



Illustration 95 : Elongated Shape Blood Spatter 

But suppose that drop of blood does not hit the floor at 90°, suppose it hits the floor at an angle, then you 
will not get a circular pattern on the floor. You will get this elongated shape. 



Illustration 96 : Blood Spatter from an Angle 


If the blood, as it hits the floor, has enough energy, there will be a little splash. Therefore, in front of the 
main elongated shape, there will be a little extra dot of blood that bounced out from the main droplet. For 
instance, you may have a pattern like this. Here the blood has come from the left, because you can see the 
main shape followed by a smaller droplet on the right. In fact, we can correlate the shape of these 
blood droplets with the angle at which they hit the surface. 

Therefore, when you have a 90° angle, we get this circular pattern, and as you go through to a very acute 
angle, it becomes more and more elongated. With a very acute angle of 10°, you get this very long 
blood droplet shape. 


9.5 Multiple Blood Droplets 



Illustration 97 : Point of Convergence 

Suppose at the crime scene you have multiple blood droplets in different places. We can work out which 
point in space was the origin of those blood droplets by plotting lines backwards from the droplets. Where all of 
the lines cross, which is called the point of convergence; this would have been the source of the blood. 

When we look at a diagram like this in two dimensions, it looks very simple, but, of course, crimes occur in 
three dimensions. Therefore, we have to do this kind of blood spatter analysis in 3-D. If we can plot the lines 
back from the bloodstains, for instance on the wall to a point of convergence, then we know in 3-D space 
where the crime happened. 
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Illustration 98 : 3 Dimensional Convergences 


In this example, for instance, plotting the lines back from the bloodstain pattern on the wall gives us the 
height above the floor at which this event that generated the blood happened. If that height is above the floor, 
say 5 feet, and then we would know the victim was still standing at the time. If that height above the floor is 
only a few inches, then, of course, we know the victim was already on the floor when they were being beaten. 
This is a very important evidence for reconstructing the crime scene. 

Now of course, some diagrams we are using here are very simplified. In a real situation, it would actually be 
much more complicated to work out the point of convergence. In fact, if you have a crime scene with even 
more blood than this, it may just be impossible, because there is just too much blood at the crime scene to be 
able to interpret the situation. 

10 Lord Lucan Case; Summary 

Let us take a look at the case of Lord Lucan. This is actually a quite complicated case, but we are going to 
look at some of the blood evidence to try to work out what might have happened. 

Lord Lucan had been a banker, but he changed his career, and he would become a professional gambler. 
This turned out to be not such a good career move, because he was quite deeply in debt. This of course 
resulted in some marital troubles, and he was separated from his wife, Lady Lucan. Now, what do we actually 
know that happened? 

Well, at about 9:45 p.m. on the evening of November 7, 1974, Lady Lucan ran into a pub near where she 
lived. She was bloodstained, and she cried out, 'Help me, help me, help me; I have just escaped from being 
murdered/ 

When police went to her home, they found that the children's nanny was dead. Her body was in a sack, but 
the children themselves were unharmed upstairs and asleep. Therefore, what do we have at the crime scene? 

The house has four upper floors, and there is a ground floor. Nothing apparently happened in the 
upper floors. A bent bloodstained lead pipe was found in the hallway, and there were bloodstains at the top of 
the stairs. These stairs led down to a basement. The door to the stairs and to the basement was open; in the 
breakfast room, downstairs in the basement, there was blood on the walls and the floor. There was a pool of 
blood in which a man's footprint could be seen, and it was down there that there was the bloodstained sack 
containing the nanny's body. 

What do we know about Lord Lucan on this day? What we know is at 1:30 that night Lord Lucan visited a 
friend who lived about 60 km outside London. When he was there, he wrote and posted some letters, and then 
he left. His car was found down by the seaside three days later. Since that visit to his friend, Lord Lucan has 
never been seen again, but from what he wrote in the letters, we do have his version of the events on that 
fateful evening, and his story goes as follows. 

He was walking past the house, and he saw a struggle going on in the basement. In this kind of house, the 
basement has windows, which you can see from the street; therefore, this is quite reasonable. He went in, 
because what he had seen, he said, was that a man was attacking his wife, Lady Lucan. He went in to help 
Lady Lucan. The man ran off but he was unable to follow the man, to chase the man, because he had slipped in 
the pool of blood. Then, after Lady Lucan ran out of the house to get help from down at the pub, he had fled, 
he had run away, because he thought that he would be blamed for this crime. 

Well, we do have a witness of course. The witness is Lady Lucan. Therefore, what is Lady Lucan's version of 
the story? Well, she says that at 8:30 that evening, the nanny had put the children to bed. This nanny, a 
woman called Sandra, happened to be about the same height and the same weight as Lady Lucan, and 
normally this day would have been her night off, but she had exchanged it. 
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After putting the children to bed, the nanny had gone down to the basement to make some tea, but had 
seemed to take a very long time to make the tea. About 9:15, Lady Lucan had gone to look for her. She then 
says that she was attacked by her husband in the hallway, and they fought. When they stopped fighting, she 
was able to get away; she escaped to the pub to get help. 

10.1 Who is telling the truth? 

We have to look at the forensic evidence. Let us look at some of the forensic blood evidence. This is 1974, it 
is long before all the DNA-technology came along, and therefore, we have to rely on blood type. 

Now, Lady Lucan was type-A. The nanny was type-B. What about the bloodstains around the house? What 
blood types were they? 

The blood at the top of the stairs was type A. The blood in the basement was type B, whereas the 
blood stains on the lead pipe, some of them were type A, and some of them were type B. Based on the 
blood evidence, where was Lady Lucan attacked? Was it on the ground floor, as she claimed? Alternatively, was 
it in the basement as Lord Lucan claimed? 

From the evidence presented, did Lord Lucan slip in the blood? On the other hand, did he step in the blood? 

Well, as we know Lord Lucan fled. There have been no confirmed sightings of Lord Lucan since that night. 
Therefore, he was never arrested, never charged, and there was never a trial. Now, he is legally presumed to 
be dead. 

In this lecture, we have looked at what is blood, what is blood made of, and what components of blood are 
forensically useful. We have looked at the scientific basis of blood types, how blood type can be used, even 
though it is not individualized. We have looked at some of the tests for blood, therefore, that we can determine 
whether a stain is blood or not, and we have had a brief look at how we can determine how the pattern of 
distribution of blood came about, and how we can use blood spatter to reconstruct the crime. 
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DNA in Forensics 

1 Introduction to DNA 

This lecture is about DNA. Since the introduction of DNA-technology a few decades ago, forensic science has 
been revolutionized, and Edmond Locard's statement that 'every contact leaves a trace' has really come true, or 
almost completely true. With DNA-technology, those traces can often be individualized to a particular person. 
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Illustration 99 : Human Cell with Cell Organelles 

One area where DNA-technology has made an enormous change is in sex crimes, because previously, in a 
sexual assault or rape case, there might be only the victim and the perpetrator. Of course, if it is a 
rape-murder, there is only the perpetrator left alive, but DNA-technology means that Forensic Scientists can 
identify the perpetrator of these crimes even though there is no witness. 

1.1 What is DNA? 



Illustration 100 : Human Genome 

A human being is made up of an enormous number of cells, and inside every single cell, there is the 
nucleus. Your genetic material is inside the nucleus of each cell, except for the red blood cells. In the 
genetic material inside the nucleus of a single cell, there are the complete instructions to create a human being. 
It is amazing to think that all that information is packaged inside your little bit of DNA which weighs about 7 pg. 

Therefore, you may think your new laptop has a fantastic amount of memory on it, but that is really nothing 
compared to the information that is contained in the DNA-molecule. While we are thinking about where is the 
DNA in the cell, there is an important thing that we must think about in terms of DNA at the crime scene. 

You never find DNA directly at the crime scene. You cannot go around a crime scene with a very big 
magnifying glass picking up pieces of DNA. What is collected at the crime scene is biological material that 
contains DNA. The DNA then can be extracted from that material back in the laboratory. Examples of such 
materials would be blood, semen, saliva, skin cells, hair, though that is often not very good, and, of course, 
body parts. 
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1.2 Chromosomes 



Illustration 101: Chromosomes in different Organisms 

Back to DNA. The DNA in the nucleus of your cells is packaged into 23 pairs of chromosomes. Let us look at 
the chromosomes. We humans have 23 pairs of chromosomes, for a grand total of 46. Different species have 
different numbers of chromosomes. The pea plant manages with a total of 14 chromosomes, whereas dogs 
need a bigger total of 78. 

Out of our 23 pairs of chromosomes, 22 pairs are normal chromosomes containing genetic information. The 
remaining two pairs contain the information that determines sex. Of course, if you have the XY-combination of 
chromosomes, you will be male. If you have the XX-combination, you would be female. Forensics scientists, by 
looking at these chromosomes, can determine the gender of the person. 



Illustration 102 : Chromosomes 


The different chromosomes, which are shown here in this scheme, there are different sizes and 
different shapes. When they have been dyed, they show up with particular distinctive patterns, therefore, you 
can tell them apart. They are numbered one from the biggest through to 22, and then X and Y. Your genes are 
contained within the different chromosomes. An important point is, some of them are inherited from the 
mother, some of them are inherited from the father, and this will be important later on in the lecture. 

Let us take a closer look at a chromosome. It is basically a length of DNA, which is wrapped up into a 
particular shape. It is wrapped up in this particular shape with the assistance of small protein molecules, which 
are called histones. Basically, you are keeping your DNA tidy and organized. That are the chromosomes, and as 
we said, the genes are contained within the chromosomes. 

1.3 Genes 

Let us have a look at the genes. Now, one of the surprising things about DNA is that your 
genetic information, the information to create a human being, appears to be contained only in a part of the 
DNA. That part of the DNA is known as the coding region, which has the genes. The rest of the DNA is known 
as the non-coding region. The non-coding region of DNA is a lot of your DNA, 90 or 95 % of your DNA is these 
non-coding regions. 
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1.3.1 Why do we have them? 

We do not really know, but it is there, and it is often referred to as junk DNA. Presumably, it has a purpose, 
but we do not really know what it is, therefore, we call it junk DNA. 

Okay, now the genes that are contained within these chromosomes, just as the number of chromosomes 
varies from species to species, so do the number of genes. Typically, simple organisms have much smaller 
number of genes; complex organisms have a lot. Bacteria have a relatively small number, and humans its 
estimated have somewhere like 30,000. 

1.4 What are Genes made of? 


Genes are made of what are called base pairs. A single gene will have about 1,000 to 10,000 base pairs. Let 
us get down to the molecular level, therefore, that we can understand this concept of a base pair, and let us 
look at the DNA at the molecular level to see what it is made of. It turns out to be very simple. 


Sugar 

5 ’ 



5 ' 



Deoxyribose 


Formula 7 : Ribose / 2-Deoxyribose 


DNA is made of a sugar, not the ordinary sugar that we put in coffee, tea, a.s.o., it is a sugar based on a 
simpler sugar molecule called Ribose, but it is not exactly Ribose. It is actually a derivative of Ribose where the 
hydroxyl group in the 2-position of the molecule is absent; therefore, it is called 2-Deoxyribose. It is the 'D' of 
Deoxyribose that gives us the 'D' of DNA. 



2 deoxyribose A phosphate ester 

of 2-deoxyribose 


Formula 8 : 2-Deoxyribose-Phosphat-Ester 

In additional to 2-Deoxyribose, we have a phosphate molecule. If we combine 2-Deoxyribose with 
Phosphoric acid at the exact right position, we get a phosphate ester of 2-Deoxyribose. 


1.4.1 Where do the Bases go? 


HO 
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Phosphate ester 


Nucleotide 


Formula 9 : Forming of a Nucleotide 


Okay, the bases are attached to the 2-Deoxyribose, and now we have the basic building block of DNA 
containing the sugar, the phosphate, and the base. This molecule is called a Nucleotide. 
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1.4.2 Which Bases are they? 



Formula 10 : DNA-Bases 


The bases are heterocyclic, nitrogen-containing, aromatic molecules. There are four of them used in DNA, 
and they are Adenine, Guanine, Cytosine, and Thymine. 



Formula 11: Possible Nucleotides 


We have 2-Deoxyribose, we have phosphate, and we have these four bases. Therefore, we have four 
possible nucleotides, and these four nucleotides are known by their initial letters, A, G, C, and T. 

1.4.3 How do we take these four Nucleotides and build them up into a Molecule of 
DNA? 



Formula 12 : Chain of Nucleotides 


The key is the Deoxyribose-portion, and the phosphate-portion. DNA is actually a polymer of the 
Deoxyribose phosphate ester with the bases attached on the side. Therefore, we form a molecule, which is in a 
long chain with alternating sugar, phosphate, sugar, phosphate, sugar, phosphate, and along the chain, we 
have the bases attached onto the sugar. The example shown here, the sequence, we have an A, a G, a C, and 
a T, but because the base is not involved in forming the chain, we can actually make any sequence we want. 
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1.4.4 What is a Double Helix? 

Now, you have probably heard of this concept of the double helix. What does it mean? The 
DNA-double helix, DNA consists of two chains, not just one, and these are wound together. These two chains 
are held together by a chemical interaction, which is known as a Hydrogen bond. A Hydrogen bond is not a 
very strong interaction, but it occurs all the way down the DNA-chain, therefore, that the double helix is stable 
under normal conditions. 


1.4.4.1 Hydrogen Bonds 



Illustration 103 : Hydrogen Bond 

Hydrogen bonds are actually quite common in chemistry, and they are in fact what make water a liquid. If 
you simply look at an ordinary water-molecule, and you look at just the properties of a water-molecule, you 
would think that water should be a gas at room temperature and pressure, but it is not; it is a liquid. The 
reason water is a liquid is, because the molecules stick together through hydrogen bonds. That is an interaction 
between an H-atom of one water-molecule, and an O-atom of another water-molecule, and it is the same 
interaction that holds the DNA-chains together. 


1.4.5 Complementary Base Pairing 



Illustration 104 : Complementary Base Pairing 

Now, these hydrogen bonds in DNA are not just between any old bits of the molecule, they are 
very specifically between the bases on the different chains, but it is more than just sticking the chains together 
through the bases. There are specific interactions, therefore, that the bases go in pairs. If you have a 
nucleotide of an A on one chain and a T on the other chain, the A and T will interact strongly together. In fact, 
A and T will recognize each other and bind together. Similarly, C and G will bind together through 
hydrogen bonds. You can see from the diagram that A and T complement each other very nicely. G and C also 
complement each other very nicely. This is called complementary base pairing. 
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1.4.6 Human DNA 





i 






Illustration 105 : Paris Japonica 


In the human DNA, there are about three billion base pairs. Now, once again, this varies from species to 
species. It is not clear why some species have so many more base pairs than others. For instance, this 
cute little plant here, Paris Japonica, it is believed that it probably has the most base pairs of any species, 
150 billion base pairs. 

If you took that DNA-molecule and you stretched it out straight, it will be 91 m long. Why this plant needs 
so many base pairs is a mystery. 

1.5 The Genetic Code 

We know why different nucleotides can stick to each other; it is complementary base pairing. What happens 
in the DNA-molecule is that you have this complementary base pairing where you match up the base pairs. This 
forms the helix, and then further hydrogen bonds get fixed in this double helix. 

Let us take a quick look at the information in the genetic code. This is a quick look at what goes on in the 
coding region. The coding region stores the information by the sequence of the base pairs. Therefore, it is like 
having an alphabet with four letters, A, T, C and G. DNA manages perfectly well with just four letters in its 
alphabet, whereas, if you speak English, you need a total of 26. Okay, so here, for instance, is a strand of DNA 
with the sequence: 



Proline Glutamate 


Illustration 106 : DNA Sequence 

Three nucleotides together codes for a single amino acid; therefore, this is part of the code to make a 
protein molecule, and C-C-T corresponds to a Proline, G-A-G corresponds to a Glutamate, and then Glutamate is 
repeated in this particular part of the code. Now, this sequence Proline-Glutamate-Glutamate happens to be 
part of the code to make the Hemoglobin-molecules, which are responsible for transporting 0 in your blood. It 
is essential that the code be faithfully translated to make the protein. 

-C-C-T-G-@G-G-A.G- 

-proline-glutamate-glutamate- 

i 

-C-C-T-GT-G-G-A-G- 

-proline-valine-glutamate- 

Illustration 107 : DNA Sequence Coding Error 

If the protein is made wrong, there is going to be something wrong with your blood. In fact, suppose you 
even just have one letter wrong - suppose that middle A is actually a T, because of some error in transcription. 
This then no longer codes for Proline-Glutamate-Glutamate, it actually codes for Proline-Valine-Glutamate. 
Therefore, the protein structure is different, and if you have a Valine in that position then you are going to have 
a disease called sickle-cell anemia. This is how errors in the coding sequence give rise to genetic diseases. 
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DNA profiling 


DNA typing 




DNA fingerprinting 
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Discovered by Professor 
Sir Alec Jeffreys 


Sir Alec Jeffreys 


DNA profiling, sometimes called DNA-typing, and sometimes referred to as DNA-fingerprinting. This was 
discovered some decades ago by Professor Sir Alec Jeffreys at the University of Leicester. 

2.1.1 Restriction Fragment Length Polymorphism (RFLP) 

He used a technique at that time called Restriction Fragment Length Polymorphism, RFLP. This technique 
has since been superseded, and back in those days, in order to do deep DNA-profiling of someone, it needed a 
reasonably large amount of material, about the size of a dollar coin. The interesting point about this is that the 
DNA used for DNA-profiling is your junk DNA. It is that non-coding DNA that we do not really understand. It is 
not your coding region. It is not your genes. 


Why is this? 


The reason is very simple. If you look at the genes for human beings between any two human beings 
anywhere on the planet, it is virtually identical, because most of what makes us human beings is common to us 
all. There are a few minor differences, such as hair color, eye color, skin color, a.s.o., but that is just a 
tiny amount of your genetic material. 

You cannot use the coding-region for DNA-profiling, because it is not highly individualized. It is almost 
identical from one person to another person to another person. In fact, much of it also shared by our 
related animals. It is in the junk DNA that you get high variability from person to person, and that is why 
DNA-profiling uses the junk DNA. 

All right, let us take a look at the technique used by Alec Jeffreys. First of all the DNA-molecule has to be cut 
up into fragments and this is done by a special enzyme called a restriction enzyme. It is essentially a 
biochemical 'pair of scissors', which chops up the DNA into little pieces. A technique called electrophoresis, 
which we will look at in a little more detail, is then used to separate out all those separate pieces. 
Electrophoresis is carried out on a gel, it has to be transferred off the gel onto something more permanent, and 
this is done by transferring onto a nylon membrane. On the nylon membrane, you have an exact image of what 
was on the gel. Now we have all these fragments of DNA all over the nylon membrane. 

How do you find the ones that you are interested in looking at, and how do you make them show 
up? 

In this older method, it was done using radioactive DNA-probes. The probe is the complementary strand of 
DNA, complementary to the one that you are interested in. On the end of that strand of DNA, there is some 
radioactive atom. What will happen is that when you expose the nylon membrane to the DNA-probe, the probe 
will bind selectively to the DNA-fragments of interest. You can then put this next to an X-ray film, and the 
radioactivity from that radioactive atom will then show up on the X-ray film, but of course, you will only see an 
image on the X-ray film where the DNA of interest was, because of the specificity of the probe. 

One of the things about this is that you can use more than a single DNA-probe. Therefore, you can use all 
the DNA-probes of interest and everything will show up on one X-ray film. In the case of Bill Clinton, when he 
was accused of having an affair with Monica Lewinsky, the FBI, at that time, used seven probes. 

Why do we use seven probes? 

It is for reasons of probability. If you only use one probe, there is some possibility that it is not that person. 
There could be another person with that DNA. The more probes you use, the better the probability you have 
that it is only that person. The FBI statistical people calculated that using those seven probes; there were odds 
of one in eight trillion. 
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2.1.2 Gel-Electrophoresis 


Gel electrophoresis 


Analogous to TLC 


Capillary gel electrophoresis 


Analogous to HPLC 



Let us take a look at the electrophoresis technique. It is done in a gel. The sample of interest is applied to 
the gel. In addition, some standards are also applied to the gel. An electrical potential is then applied across the 
gel, and this makes the DNA-fragments migrate through the gel, but the DNA-fragments, of course, all migrate 
at different speeds, and that is why they separate out on the gel. You can then compare the position of your 
fragment of interest with your standard to identify it. If you think about this for a moment, you will realize that 
gel-electrophoresis done as if this is analogous to TLC that we talked about in an earlier lecture. 


2.1.3 Capillary Gel-Electrophoresis 
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Illustration 108 : Capillary Gel-Electrophoresis 


In that earlier lecture we talked about TLC, and then we talked about related methods, GC and HPLC, and, 
again, there is an analogy, because there is another technique more widely used called capillary 
gel-electrophoresis, and this one you can think of as analogous to HPLC. This time the gel is not in the form of 
a block or a plate, it is inside capillary tubing. The sample is placed at one end of the tubing and 
electrical potential is applied across the capillary, therefore, the DNA-fragments migrate through the 
capillary tubing. At the far end of the capillary tubing, there is a detector, and that detects the time at which 
they get to the end of the tubing. Therefore, gel-electrophoresis is analogous to TLC; 
capillary gel-electrophoresis is analogous to HPLC. 


2.2 Polymerase Chain Reaction (PCR) 

You remember Alec Jeffreys? When he started doing his work, he required samples of material, which were 
relatively large, but many traces are actually extremely small, and very small traces cannot be analyzed using 
just those techniques. There is now a method whereby DNA can be amplified, this is called the 
Polymerase Chain Reaction or PCR, and this is how it works. 

At this point, please watch 'CSI & Forensic Science001.MP4' 

Video 1 : Demonstration of PCR 



Illustration 109 : Thermal Cycler 
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Each cycle turns out to take about 5 min. Typically, it is done with 25 - 35 cycles, and it is done in a 
machine like this, which is called a thermal cycler. 

2.2.1 What is the Result of a PCR? 

It allows you to duplicate the part of the DNA repeatedly, which you are interested in, and those 
25 - 30 cycles of PCR will give you about a million copies. If you have a very small trace from your crime scene 
you can submit it to the polymerase chain reaction, and you can convert it a million times. 

This means, very small amounts can provide DNA that can be analyzed. If you have just 36 cells you can do 
this, and you can even go lower, maybe even nine or so cells. Now, this is really a small number, and this is 
called low copy number, because nine really is a very small number, but with PCR, you can now analyze 
really small traces, for instance the saliva left on a cigarette end. Okay, remember the Dinivan case back in our 
introductory lecture. You can analyze the saliva of the back of a stamp, or you could analyze the DNA contained 
in a bloodstain that is barely visible. 

2.3 Short Tandem Repeats (STR) 

The fragments of DNA that is of interest these days for forensic DNA-profiling are called 
Short Tandem Repeats or STR's. Now STR's consist of a little sequence of three, four, five, six, seven 
base pairs, and then that sequence is repeated multiple times. Therefore, let us take an example of the STR, 
which is called THOl, and THOl involves the sequence AATG. That AATG is then repeated, and repeated, and 
repeated. What varies from individual to individual is the number of times the little sequence is repeated. 

For instance, a person might have the relatively common THOl 6, 8. In fact, about 4 % of people have 
THOl 6, 8. 

What does the six and the eight mean? 

The six means that the AATG-sequence is repeated in a block six times, and the eight means that within the 
block, the AATG-sequence is repeated eight times. 

Why would someone have a six * repeat and also an eight * repeat? 

The reason is very simple; it is because every one of us has two parents. One of those, maybe the 6, for 
instance, will be inherited from one parent, and the other, the 8 in this case, would be inherited from the 
other parent; if we just look at THOl, which as I said is present in about 4% of people, that is really not 
highly individualized. 

Well, the good news is that there are many STR's that are known. Therefore, we do not just rely on a 
single STR, we rely on multiple STR's, and it is analyzed in a way that is called multiplexing, which allows the 
simultaneous analysis of multiple STR's. 

Different authorities have decided to use different numbers of STR's. The U.S. national database uses 13, 
the U.K. national database uses 10, and, as we saw before, the number of STR's you use improves the 
probability that you are talking about a single individual. If you use three STR's then you have odds of one in 
5,000. Go up to six STR's you are talking about one in 2,000,000, nine STR's you are talking about one in 
1,000,000,000. When you get the U.S. number of 13 STR's the odds are one in 100 s of trillions. We can really 
say that, when you look at this number of STR's, you are truly individualizing the sample to one person. 

2.3.1 So how do STR's look like when you do Gel Electrophoresis? 


STR & Capillary gel electrophoresis 


in pairs 


One from mother; one from father 



The different STR's will come through that capillary tubing at different times, but they will come through as 
pairs, because you have these two different repeat numbers. Therefore, the signal you see on the output when 
you see these pairs, you know that one of those pairs comes from the mother, and the other one in the pair 
comes from the father. Well, what you see on the illustration here is just something that we drew with some 
drawing program so you can understand the principle. They really look like this. 
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SIR & Capillary gel electrophoresis 



/ y 

Same repeat 
number from 
both parents 


It is somewhat more complicated, but you can see how they form these pairs. However, if you look closely, 
you will be able to pick out some, which are not pairs. They are just a single spike on the chart here. That 
happens sometimes, because it is possible that the repeat number you inherit from your mother, and the 
repeat number you inherit from your father happen to be the same number, and that is why you get that 
single peak for some of these STR's. 


2.3.2 Paternity & Maternity-Testing 

Child 


Mother 


Father 


Illustration 110 : True Paternity 
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Because it is all inherited from your parents, this is how paternity and maternity-testing is done. Here we 
have an example, and what we have done is to color-code it, therefore, you can see it clearly. At the top is the 
profile of the child, in the middle is the profile of the mother and at the bottom is the profile of the father. You 
can see that within each pair of STR's of the child, one of them comes from the mother, and the other one 
comes from the father, and this is strictly true. Every single STR will match up in this way. If there is not a 
match, then maybe that is not the true parent. 
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Illustration 111: False Paternity 


Here is an example for instance. There is the child, there is the mother, and there is the alleged father. You 
can see that in every case there is a match between the child and the mother. You can see that in some cases, 
for instance the ones that are colored in blue and red, there is a match between the child and the father, but it 
is not true for every case. As you look through this profile, you can see that most of them there is no match 
between the child and the alleged father. Every single one must match to prove paternity. Therefore, in this 
case the alleged father is not the father. 
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We can also use this technique to prove the sibling relationship, whether someone is your biological brother 
or sister, but you cannot prove this relationship by direct comparison of the two siblings. The reason for this is 
that the two siblings may have inherited different STR repeat numbers from the two parents. There is no 
basic reason why they should be the same. 
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Illustration 112 : Sibling Relationship 


In a pair, belonging to the mother one sibling might inherit one; the other sibling might inherit the same one 
or might inherit the different one. To determine whether two people are siblings, you have to go back to the 
parents. Essentially, what you are doing is proving that these two people are children of the same parents, and 
therefore, they are siblings. Let us recap. 


2.3.3 Where does your DNA come from? 

V 2 of it from your mother, V 2 of it from your father, somewhat randomly. Therefore, brothers and sisters will 
have different DNA when the profiling is done. The exception, of course, is identical twins, because they come 
from the same sperm and the same egg, and will have the same DNA. This causes problems. If you have a 
crime committed by a person who has an identical twin, how do you tell the difference? 

2.4 Malaysia, 2009 

This is a case, a recent case from Malaysia involving identical twins; Sathis and Sabarish Raj are involved. 
One of them was arrested by the police, because he was carrying a large quantity of drugs, but by the time the 
case came to court, the police did not know which of the twins was the one they had originally arrested, 
therefore, they could not prove which one was guilty. They were sure one of them was guilty, but which one? 
Of course, we have to presume innocence. You have to presume they are both innocent, because you cannot 
prove which one is guilty. 

2.4.1 Other methods 


In the cases where you have twins, you of course have to rely on other features. There was one case I read 
about where the twin was identified not from the DNA, because that could not be done, but because one of the 
twins smiled in court, and it so happened that one of the twins had lost a tooth, and there was a little gap in his 
smile. 

Now, this situation may change in the future as technology improves, and that is because identical twins do 
not have DNA that is completely identical. When the cells are replicating, when the DNA is being copied, 
mistakes happen. A little bit like typing errors as the DNA is written out. The DNA in identical twins is 
very slightly different to each between the two of them. Using the normal techniques of DNA-profiling, normally 
used by forensic scientists, that difference is not detectable, but more advanced techniques will be able to show 
that difference. The problem is it is going to be more expensive. 

2.5 Marseilles, France 

There was recently a case in Marseilles in France where one of two identical twins was accused of carrying 
out a series of rapes, and the DNA matched, but, of course, it also matched his twin brother. Therefore, it was 
not possible to get a conviction. The police in Marseilles were told that it would be able to distinguish the 
two twins by DNA-analysis, but it would cost 30,000,000 €. Well, of course, technology advances, and maybe 
soon the price will come down. 

2.6 Colin Pitchfork Case 


I said at the beginning that DNA-technology has brought fundamental changes to forensic science, and 
changed the way that convictions can be brought for criminals. However, DNA-technology has also done 
something else. It has also given us a very powerful technique to prove that people are innocent. Let us go 
back to the first case where DNA was used, and we will see that the first person who was investigated using 
DNA-profiling was not found guilty; he was proven innocent by DNA-technology, even though he had confessed 
to the crime. 
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Narborough, England, 1983 

Let us go back to a small town called Narborough in England in 1983, and the body of a teenager, she was 
just 15, called Lynda Mann was found in the countryside outside the town, she had been raped and murdered. 
In 1983 technology only allowed Forensic Scientists to show that the killer had blood type A, and that was all. 

1986 

In 1986 a second victim, also 15, was found, Dawn Ashworth. Then something odd happened. A local 
person, a young man called Richard Buckland, confessed to the murder of Dawn Ashworth, but he insisted that 
he had not murdered Lynda Mann. 

Well, because of the similarities in the way that the two murders had been committed, the local police were 
convinced they had been done by the same person. Therefore, they wanted some way to show that 
Richard Buckland had been responsible for both killings. Narborough is not that far from Leicester, and they 
asked Alec Jeffreys to help. They supplied him with samples from both crime scenes, and a sample from the 
confessed killer of one, Richard Buckland. Alec Jeffreys did the DNA-analysis, and got a very surprising result. 

DNA-Results 

The DNA of the suspect did not match the DNA from either crime scene. Richard Buckland had killed neither 
of them. Well, why had he confessed? We can speculate about the reasons why he confessed, but people do 
actually confess to crimes they did not commit. Therefore, any confession really does have to be corroborated 
with some other evidence. Alec Jeffreys was able to give the police one useful piece of news - they were right 
in saying that the same man had committed both murders. 

1987 

In an investigation a little reminiscent of the Griffiths case back from the 1940 s , which we will talk about in 
another lecture, the local police decided to do DNA-screening of all men in that area. They are assuming that 
the murderer was a local man, but they were able to narrow down the search, because they knew that the killer 
was blood type A. Therefore, they only had to do DNA-screening of everyone with blood type A. That added up 
to over a 1,000 men, and in all those samples there were no matches at all. Then there was a break in the 
case. 

Ian Kelly 

A woman in a pub overheard a conversation. In this conversation, a local man called Ian Kelly was saying 
that when he gave his blood sample for the DNA work he had done it under the name of a friend and colleague 
called Colin Pitchfork, which means that the blood sample, the DNA sample, labeled Colin Pitchfork, had actually 
come from Ian Kelly. 

The woman told the police, the police arrested Colin Pitchfork, and he was obliged to give a genuine sample. 
Of course, as you would expect, his DNA matched the DNA from the crime scene. With that, evidence in place 
Colin Pitchfork confessed to both murders and that is quite interesting, because he confessed even though this 
was a brand new, untested technology. He was found guilty, sentenced to life in prison to serve a minimum of 
30 years. At the time of recording, he is still in prison. 

3 Cold Cases 

3.1 First Case 

DNA-technology has enabled many cold cases. These are old cases where the investigation did not reach a 
conclusion. These cold cases can be reopened and re-investigated, provided that the evidence from the 
crime scene has been properly preserved. These can be re-investigated with the help of DNA-databases. Many 
countries nowadays have databases of DNA taken from known criminals. If someone committed a crime 
long ago, but were never caught, committed a crime later, and their DNA was taken, then the DNA from that 
old case can be compared to the DNA in the database. If they are in the database, up pops their name. Of 
course, it only works if the culprit is in the DNA-database, but many criminals will commit more than 
one offense, and this is how they can be caught. Here is an example. 
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This is Lesley Molseed, a young girl who was sexually assaulted, stabbed to death, her body left out on the 
Yorkshire moors, back in 1975. 


Stefan Kiszko 


Innocent 


Wrongfully imprisoned 


16 years 



Stefan Kiszko 


This man here, Stefan Kiszko, was convicted wrongfully of the crime, and even though he was innocent, he 
spent 16 years in prison. It took that long before his name could finally be cleared, and he could be released. 


2006 


Extracted DNA 


Match [q Ronald Castree 


Charged with the sexual assault 
and murder of Lesley Molseed 



Ronald Castree 


The evidence from the crime scene had been preserved, and when the technology permitted it was analyzed 
using DNA, and the DNA extracted was compared to the DNA in the national database. Up came the name of a 
local man called Ronald Castree. He had a minor criminal record, but it had put him in the database. He was 
charged with the sexual assault and murder of Lesley Molseed, and brought to trial. 

Problems 


Problems, though, this is a trial in 2006 for a crime that occurred in 1975, more than 30 years before. The 
first problem is that most of the original witnesses are dead; therefore, the trial had to rely on notes taken at 
the time. One of the last living witnesses who visited the crime scene was a retired forensic scientist called 
Ronald Outteridge, and here we have problem number two. 

Is there proof that the sexual assault and the murder were done by the same person? As Ronald Outteridge 
said in the case, 'To do that it would be necessary to prove that the semen was deposited during the murder of 
the little girl and I found no evidence to show that was the case. It might have been, or it might not/ 

Therefore, what is being suggested here is that Lesley Molseed had been abducted, sexually assaulted, then 
released, continued walking home, and then had been abducted a second time and murdered. Therefore, it 
comes down to what is considered to be reasonable. Did the jury think that this second problem here amounted 
to reasonable doubt? Moreover, the answer is no. Ronald Castree was convicted, and sentenced to 30 years in 
prison. 

3.2 Second Case 


A second case, also from the Yorkshire area, and also from 1975, but continuing onwards, is the case of the 
Yorkshire Ripper. The Yorkshire Ripper, he was given that title by the newspapers, was a man who murdered a 
series of prostitutes and several other women over a number of years. Now in 1978, before the 
Yorkshire Ripper had been caught, several letters were sent to the police, apparently from the Yorkshire Ripper, 
and also a cassette tape with the voice of the Yorkshire Ripper, essentially taunting the police. 

Cassette tape 

The police believed this tape was genuinely of the Ripper, and therefore, the voice they heard was his voice. 
Now, the voice on the tape had a particular strong accent, which is called a Geordie accent, which comes from 
one particular part of the country. The idea that the Yorkshire Ripper was a Geordie sent the police off in the 
wrong direction. 
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1981 

Well, eventually in 1981 the Yorkshire Ripper was caught, basically by good police work, and turned out to 
be a man called Peter Sutcliffe. Between the sending of the tape to the police and Peter Sutcliffe's arrest, there 
had been seven further attacks and three murders, and it turned out that the tape and the letters had not come 
from Peter Sutcliffe. He was not a Geordie; he did not have that accent. They were a hoax, and if they had not 
been a hoax, the Yorkshire Ripper might have been caught earlier. Well, using the technology of 1978, there 
was no way to tell who had sent the letters. 

2005 

However, in 2005 the case was reopened, because when you seal an envelope you lick the edge of the 
envelope to wet the glue to seal it, and in 2005, they were able to extract DNA from the glue of the envelope, 
and it matched that of a known criminal called John Humble. Therefore, it must have been quite a surprise for 
him when one day the police knocked on his door to arrest him for a hoax that he had committed almost 
30 years before, and he was sentenced to eight years in prison for the crime of perverting the course of justice. 

4 Early Uses of DNA-Profiling 

Therefore, the first cases using DNA-profiling come from the United Kingdom, and the technique then 
spread worldwide, including to the United States. 

One early use of DNA-technology in the United States was the case of Kirk Bloodsworth. He lived in 
Baltimore County, Maryland, and in 1985, he was found guilty of the rape-murder of a 9-year-old girl called 
Dawn Hamilton. 

1986 

In 1986, the following year, because of a legal technicality his conviction was quashed, but he was not 
freed, because he was retried, found guilty once again, and that guilty verdict was confirmed when he 
appealed. He insisted throughout he was not guilty. 

1993 

After several years in prison, his lawyers finally forced the state to do DNA-tests of the semen that was 
found in the little girl's underwear, and that DNA did not match Kirk Bloodsworth. Therefore, he was released, 
and given back his freedom. 

2003 

Some years later, the DNA from that underwear was compared to DNA in the U.S. National Database, and it 
matched a known criminal named Kimberly Shay Ruffner. The irony is that while Kirk Bloodsworth was in prison 
for the murder he did not commit, Kimberly Shay Ruffner had actually been in the same prison for a 
different offense. 

5 How far back can we go? 

James Bain 

We can go a very long way back. One of the people who spent longest in prison for a crime he did not 
commit, but was then released due to DNA-evidence, was a man called James Bain from Florida in the 
United States. He was found guilty of rape in 1974, partly based on the testimony of an eyewitness, it took until 
2009 for the truth to be established, and that is when he was released because of DNA-evidence. Under 
Florida Law, he was compensated at the rate of $50,000 for each year in prison. As he had been in prison for 
35 years, that is $1,700,000, but no amount of money can compensate you for the loss of 35 years of freedom. 

What happens if the DNA found at the Crime Scene does not match anybody in the 

National Database? 


1988 

Well, then you may have to identify a suspect through other means, or maybe you can find something in the 
DNA that will help you. In 1988, a prostitute called Lynette White was found stabbed to death. Three men were 
convicted for this crime, but on appeal, their conviction was crushed, and this meant the police had to go back 
and re-investigate the crime. Well, this takes a lot of time, and the crime scene was only re-investigated in the 
year 2000. 
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2000 

That is a long time later, and the room in which she had been murdered had, of course, been repainted, it 
had been redecorated, which I think is a reasonable thing to do if there was a murder in it. What they had to 
do was to peel back the layers of new paint back to the layer of paint that was on the surface back in 1988. 
They were able to find bloodstains, which had been preserved under the paint, and extract DNA from those 
bloodstains, but when that DNA was put into the national database, there were no matches. At least there were 
no perfect matches, meaning that the person whose blood that was, was not represented in the database. 

6 DNA-Analysis 

Inspection of the DNA showed 'an unusual feature,' and when the DNA-database was analyzed for this 
particular feature of the DNA, there were 600 people who shared it. From those 600, 70 were shortlisted for 
1 reason or another, and from those 70, one of them stood out particularly. 

He was a teenager with motoring offence, but he had not been born at the time of the murder, and, of 
course, his DNA was not a perfect match, therefore, it could not have been him. Turned out to be his uncle, a 
man called Jeffrey Gafoor. Jeffrey Gafoor was convicted of the murder based upon this unusual feature, which 
is shared with his relative who was in the database. 

7 Mitochondrial-DNA 

So far, we have been talking about the DNA present in the nucleus, and that is the DNA that contains our 
genetic information, but it turns out there is actually two kinds of DNA within our cell. Because not only is there 
DNA within the nucleus, there is also DNA in what is called the mitochondria. The mitochondria are present in 
the cell, and they are part of the energy system. They contain their own DNA, and it is different to the 
nuclear-DNA. 

Mitochondrial-DNA (mtDNA) 

The nuclear-DNA is a long chain, the mitochondrial-DNA is circular; it has 16,569 bases organized into 
37 genes. It does have non-coding regions, and they do exhibit the kind of variation you need to distinguish 
individuals. 

The good thing about mitochondrial-DNA, what makes it useful, is that it has a high copy number per cell. 
Within a single cell, there is only one copy of your nuclear-DNA, but there are multiple copies of your 
mitochondrial-DNA. It is also more robust than nuclear-DNA; it is more resistant to sample degradation. 
Therefore, if you have a biological sample that is old, or has been exposed to harsh treatment, then you are 
more likely to be able to extract and analyze the mitochondrial-DNA, compared to the nuclear-DNA. 

There is a very important difference between mitochondrial and nuclear-DNA and that is mitochondrial-DNA 
is inherited strictly from the mother, not the father. This means that mitochondrial-DNA is not unique to an 
individual. A child will have the same mitochondrial-DNA as its mother, and the same as the grandmother, all 
the way up the maternal line. There is also faster mutation, generation to generation, in the mitochondrial-DNA, 
and that is because the proof-reading is not so good compared to nuclear-DNA. 

7.1 The Romanovs 



Here is an example of the use of mitochondrial-DNA for samples from which it is not possible to get 
nuclear-DNA. This is the case of the Romanovs, the imperial family of Russia. Now, following the 
Russian revolution in 1917, the imperial family, the Romanov family, the Tsar, the Tsarina, and their children, 
were detained ultimately in the city of Yekaterinburg. In 1918, on the orders of Lenin, they were murdered, or 
executed, depending on your point of view. 
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The Bolsheviks attempted to destroy the remains, the bones of the family were eventually buried in the 
woods, and the Bolsheviks hoped that they would be forgotten, but they were not. After the fall of the 
communism, and the fall of the Soviet Union, the bones were excavated from where they had been hidden. The 
Russian government decided to give the imperial family a proper funeral, but if you are going to organize a 
grand funeral for these human remains, you first have to make sure they really are the remains of the 
imperial family. It is not something where you want to have a mistake. That would be very embarrassing. 


Well, the remains have been burned, buried, and all sorts, therefore, of course it is not feasible to get 
nuclear-DNA, but they were able to obtain mitochondrial-DNA, because that is more robust. Let us look at the 
imperial family. 



The father of the family, Tsar Nicholas II, some of his relatives survived the revolution; they escaped from 
Russia. Now we can trace back the Tsar to his mother and to his grandmother, Louise of Hessen-Cassel. Louise 
of Hessen-Cassel's daughter was the Tsar's mother. The Tsar has a sister. The sister had a daughter, who had 
a daughter, who had a daughter. 

Therefore, we have an intact maternal line, and all the female members of that line will pass down the 
mitochondrial-DNA, which is the same as Tsar Nicholas' mitochondrial-DNA. One set of bones, those of an 
adult male, there was a match showing those were the remains of the Tsar. Technically, you could argue they 
could be the remains of the Tsar's brother, but what happened to the Tsar's brother was known, therefore, he 
could be eliminated from the investigation. 

What about the other remains, the four daughters of the Tsar and his son, Alexei? Well, they will not have 
the same mitochondrial-DNA as the Tsar; they will have the same mitochondrial-DNA as their mother, the 
Tsarina Alexandra. 

The Tsarina Alexandra had a sister, who had a daughter, who had a son, and that son was Prince Philip, 
Duke of Edinburgh, husband of the Queen of England. 

Prince Philip, therefore, should have the same mitochondrial-DNA as the Tsarina Alexandra, he donated a 
sample of DNA, and sure enough, there is a match of the mitochondrial-DNA with the mitochondrial-DNA of the 
remains of the woman and the children. Therefore, this analysis confirmed that the remains found in that forest 
near Yekaterinburg were indeed those of the ill-fated Romanov family. 



Illustration 113 : Grand Duchess Anastasia 
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While we are talking about the Romanovs, soon after the murder stories went around that one member of 
the family, the Grand Duchess Anastasia, one of the daughters, had escaped and survived. A woman appeared 
in Berlin in the 1920 s , claiming to be the Grand Duchess Anastasia. Certainly, she had some 
physical resemblances to the Grand Duchess, and some members of the imperial family thought she was 
speaking the truth, and others thought she was a hoax. Ultimately, this woman immigrated to America, married 
an American, became Anna Anderson, and died in the state of Virginia in the United States in 1986, sometime 
after she was subjected to a DNA-analysis. Now, when she died her body had been cremated, but at 
some point she had a medical investigation; there had been a biopsy, and the tissue taken for that biopsy had 
been preserved, therefore, it was possible to extract DNA from that biopsy sample. It proved that she was not 
the Grand Duchess Anastasia, she was actually a Polish woman called Franziska. Even with the DNA-evidence 
that does not stop movie companies making a movie about it. 

8 DNA Profiling of Other Species 

So far, we have talked about the DNA of human beings, but all species have DNA, therefore, in principle you 
could do DNA-profiling of any species, if that living organism was involved in a crime. 

One excellent example is the Maricopa case from Arizona, and it dates back to 1992. A woman was 
murdered, and her body was dumped at an abandoned factory in Maricopa County in Arizona. 

Based on ordinary police work a suspect was apprehended, but he denied that he had ever been to the site 
where the body was found. Now, this suspect drove a truck, and when his truck was investigated they found in 
it seedpods from a local tree called the Palo Verde tree. The police suggested that maybe he had been at the 
crime scene, because there was a Palo Verde tree there. Maybe he had parked his truck under the tree, and the 
seedpods dropped from the tree into his truck. However, there is more than one Palo Verde tree in Arizona, 
therefore, how do you prove that the seedpods in the truck came from the Palo Verde tree at the crime scene? 
Moreover, the answer was DNA. 

8.1 DNA-Typing 

First, the Forensic Scientists had to collect DNA-samples from many different Palo Verde trees, and prove 
that the technique they used showed they could distinguish these individual trees. Therefore, they had to show 
there was variability, and that they were detecting the variability. That they did, and then when they compared 
the DNA from the back of the truck to the DNA of the tree at the crime scene, there was a match, and the 
suspect was subsequently convicted of this murder. 

9 Peter Falconio & Joanne Lees Case 



We will conclude this lecture with the case of Peter Falconio and Joanne Lees. They were a couple, who 
were touring Australia back in 2001. They got themselves a camper van, and they were driving around 
Australia. Their journey took them through the very sparsely inhabited Northern Territory. As they were driving 
along through the Northern Territory they were stopped by the driver of another vehicle, and the man in the 
other vehicle went off, out of Joanne's sight, with Peter. She then heard a shot. From that moment, 
Peter Falconio has never been seen again. 



Strap used fo 
He Joanne Lees 
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Joanne was captured by the man, and her hands were tied together with a strap. However, she was able to 
escape when he was distracted, and hid in the bush. He searched for her, did not find her, and then he drove 
off. When she felt safe, she came up, came out of the bush, was picked up by a truck driver and taken to the 
nearest police station. 

9.1 Police Investigation 

When the police investigated, they were never able to find Peter Falconio's body. They did find 
one bloodstain on the road. 

9.2 Suspect 



Bradley Murdoch 


Shortly afterwards a suspect was arrested, and he was a drug smuggler, his business was smuggling 
amphetamines across Australia. His name was Bradley Murdoch. However, the question is, could he be linked to 
the crime scene? There were no witnesses except for Joanne Lees; therefore, it was his word against her word. 

9.3 Evidence 

On her T-shirt, there was blood. The DNA of that blood matched Bradley Murdoch, and the Australian 
Forensic Scientists calculated these tremendous odds. When you look at these odds, you realize that blood must 
have been from Bradley Murdoch. 

However, the bloodstain was on her T-shirt, it was not at the crime scene. It only proves that 
Bradley Murdoch had come into contact with Joanne Lees, and it does not prove they came into contact at the 
crime scene. It could have been at a gas station or something hundreds of miles away, but they were able to 
extract DNA from the gear stick of the camper van, and that DNA matched Bradley Murdoch. This puts 
Bradley Murdoch at the crime scene, because it proves he was in Peter and Joanne's camper van. 

Then the third piece of evidence is the strap that was used to tie Joanne Lees' hands. There was not much 
DNA that could be extracted from it, therefore, they had to rely on low copy number DNA, and they were able 
to extract from it the DNA of Joanne Lees. It had been tied around her wrists. Obviously, it would have her 
DNA. They were able to extract from it the DNA of a man called Dr. Peter Thatcher. Well, who was he? Well, he 
was one of the forensic scientists, and his DNA had contaminated the sample. Finally, they were able to extract 
DNA of Bradley Murdoch from the strap, but this is low copy number DNA, therefore, the probabilities that they 
calculated were a lot lower than for the bloodstain on the T-shirt. When I say a lot lower, they calculated a 
mere 100,000,000 : 1, but given that the population of Australia is about 20,000,000 that is pretty good odds. 

What do we have? We have the blood on her T-shirt. If we did not have the DNA-technology, how valuable 
would that evidence be? Well, without DNA-technology, you could only use blood type, and if he had a rare 
blood type, you might have got 30 : 1 odds. 

What about the gear stick of that camper van? Without DNA-technology, you would not have got 
any evidence off that gear stick, nothing. 

What about the strap? Again, the only thing linking this strap to Bradley Murdoch is the DNA. Without 
DNA-technology, there is no evidence. 

This is a statement made by one of the prosecutors of the trial; therefore, Bradley Murdoch was sentenced 
to at least 28 years in prison, whereas without DNA-technology there would have been no case at all. 

9.4 Summary 

To sum up DNA, you have seen how we can use DNA-technology to prove paternity and maternity. You 
have seen how DNA-technology can facilitate police work, and that something as small as just nine cells can be 
a trace that can be individualized. In addition, you have seen that combining DNA-technology with the use of 
DNA-databases has allowed the solving of many cold cases involving both the conviction of the criminals, and 
the freeing of the innocent. 
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Fingerprinting: Polymers & Fibers: Firearms 

1 History of Fingerprinting 

Nowadays in forensic science, if we want to identify someone absolutely, then of course we think of the 
modern method of using DNA, but there is a method as individualized as DNA, which is now more than 
100 years old and still essential in police work; and that is fingerprinting. Fingerprints have probably been used 
to identify people for a very long time. It is probable that in ancient China they were used as signatures. 

1.1.1 William Hersche/ 

A man called William Herschel, who was a British official in Bengal in India in the late 19 th century, used 
them so that illiterate people could sign documents, signing with their thumbprint. 

1.1.2 Henry Fau/ds 

The idea of using fingerprints to identify people from crime scenes comes from a man called Henry Faulds. 
In about 1880 Faulds, who was working as a medical missionary in Japan, began to study fingerprints, and he 
realized they were different from person to person. He came up with the idea, after publishing several papers in 
the journal 'Nature', that fingerprints could be used to identify criminals. However, this idea was not, at the 
time, picked up by any of the world's police forces. 

1.1.3 Mark Twain 

Well, even though the idea was not picked up by the police, it was picked up by the writers of crime fiction. 
One author who used fingerprints as a central to the plot of one of his books was the American author 
Mark Twain, and the book is 'Pudd'nhead Wilson.' In fact, what the key protagonist in the book says really sums 
up very well what fingerprinting is about. 

Twain wrote; 'Every human being carries with him from his cradle to his grave certain physical marks which 
do not change their character and by which he can always be identified, and that without shade of doubt or 
question. These marks are his signature, his physiological autograph so to speak, and this autograph cannot be 
counterfeited, nor can he disguise it or hide it in any way, nor can it become illegible by the wear and mutations 
of time.' Twain, of course, was referring to the fingerprint. In the following decade, officials and the police 
started to take notice. 

1.1.4 Francis Gaiton 

One person who pushed fingerprinting forward was an Englishman called Francis Gaiton. In the 1890 s , he 
worked out a method for classifying the different marks present in fingerprints. 

1.1.5 Juan Vucetich 

Juan Vucetich, who we will meet again in a moment, also produced a method for classification. 

1.1.6 Edward Henry 

Edward Henry in the late 1890 s was a great proponent of fingerprints, and, as we will see, he was involved 
in one of the earliest cases. 

The first use of fingerprinting in the UK appears to be in 1901, and then a couple of years later in the 
United States of America, but one of the first cases are certainly from Juan Vucetich. He was living in Argentina, 
he was not born an Argentine, and he actually came from what is now known as Croatia, but had immigrated to 
Argentina. 

1.2 Argentina, 1892 

The case involves a woman called Francesca Rojas. One day Francesca Rojas' children were found 
brutally murdered, and the blame was put on her neighbor, a man called Velasquez. Well, Senor Velasquez was 
interrogated by the Argentine police, and I do not suspect that was a very gentle procedure, but throughout it 
he insisted he was innocent. Eventually the police began to feel that maybe he was innocent. Suspicion turned 
to Rojas, the mother, and yet there was no evidence that would place Rojas at the crime scene. 

Vucetich, who was working at a police institute in the nearby city of La Plata, was called in to help. 
Therefore, when he inspected the crime scene he found a bloody fingerprint on a doorpost, and that fingerprint 
matched the fingerprints of the mother, Francesca Rojas; based upon that she was convicted of the murder. It 
turned out she was having an affair with another man, and that man did not like children, therefore, she had 
got rid of her children. Well, this was a great achievement. Without that fingerprint, the crime would not have 
been solved. 
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Vucetich thought that what was needed was a national database of fingerprints; everybody in Argentina 
would be fingerprinted. Well, this was not a popular idea, and there were even riots against it, and the 
whole concept was dropped, but what Vucetich tried to do there and the controversy that that caused of course 
parallels the discussions and the controversy these days about DNA-databases. 

1.3 Deptford, London, 1905 

The case of the Stratton-brothers from Deptford in East London in 1905 is important in the history of 
fingerprinting. This is the first capital case in the UK using fingerprinting. Walter and Ann Farrow were an 
elderly couple who kept a shop in Deptford High Street. One morning it was found they had been beaten to 
death. Therefore, the police inquired, and, of course, what they do is try to find possible witnesses. 

Eyewitness account 

One of the witnesses they found was a man called Henry Alfred Jennings. Jennings came to the trial of the 
suspects, Alfred and Albert Stratton, as a witness for the prosecution. Now, Jennings had seen two people 
coming out of the Farrows' shop that morning, but this is the testimony that he gave in court. He said, T am a 
milk carrier/ what we would now call a milkman, who would deliver the milk to each house in the morning. He 
continued; 'Looking at the prisoners now, I am unable to say one way or the other whether these are the men I 
saw in High Street, Deptford.' We have said that the prosecution must prove the case beyond a 
reasonable doubt, and what Jennings has done is hand to the defense here absolutely reasonable doubt, he 
cannot say for sure that the people he saw were the Stratton-brothers. 

Other evidence 

However, in 1905 Edward Henry, one of the proponents of fingerprinting, was Commissioner of Police in 
London, and he made sure that the crime scene was checked for fingerprints. Underneath the old couple's bed, 
they found a cash-box. The cash-box was empty when it should have contained the princely sum of 9 pounds; 
therefore, here is your motive for the murder. 

On the cash-box, they found one thumbprint. Now, if you have an object that belongs to someone, any 
fingerprints or thumbprints on that object are most likely to belong to the owner. First of all, they had to 
fingerprint the two deceased persons, and the thumbprint did not match either of them. Then they had to 
check the police officers who found the cash-box. If one of them had handled the cash-box maybe the 
thumbprint belongs to a police officer, but it did not. That left the two suspects. The Stratton-brothers were 
both fingerprinted, and the thumbprint was an excellent match for Alfred Stratton. 

Trial 

This was the first capital case involving fingerprinting; therefore, the prosecution not only had to show that 
the thumbprint belonged to Alfred Stratton. They also had to demonstrate that this technique was reliable, 
because that is what the defense attacked. 

The defense attacked the reliability of fingerprint evidence, this was resolved, and the court was convinced 
of the reliability of fingerprinting, because the prosecution demonstrated it by fingerprinting a member of the 
jury. The Stratton-brothers were found guilty, they were sent to hang, and apparently, on their way to the 
gallows, they would blame each other for the predicament they were in. 

1.4 Locard & Fingerprints 

In a previous lecture, we mentioned Edmund Locard, and, of course, Locard was involved in fingerprints too. 
He was based in the French city of Lyon. Apparently, in the 1920 s , there was a series of mysterious burglaries in 
Lyon where the burglar gained access to someone's room by climbing through a high up window. Sometimes 
this burglar would steal valuable objects, and sometimes trivial objects of no particular value, and it was a 
quite baffling case. 

Locard knew that fingerprints are not unique to human beings. Other animals, such as monkeys, also have 
fingerprints, and Locard realized that the way these burglaries were being done were much more characteristic 
of a monkey than a human. Therefore, in a place like Lyon in France, where do you find a monkey? 

In addition, the answer is with an organ grinder. An organ grinder was a man with a barrel organ, who 
would walk around the streets playing his barrel organ to be given money by the crowds. Traditionally each 
organ grinder would have a monkey, and the monkey would be trained to take a hat around the crowd to 
collect the coins. 

Locard had all the organ grinders and their monkeys rounded up; fingerprinted the monkeys. The 
fingerprints of one of those monkeys matched fingerprints found at one of these burglary crime scenes. The 
organ grinder, the owner of the monkey, was sent to prison, and the monkey was sent to the zoo. 
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2 Principles of Fingerprinting 

2.1.1 Friction ridges 


Our skin is not smooth. It is covered in this minute pattern of ridges, and these are called friction ridges. 
These are not accidental, they are very important to us. These friction ridges enable our hands to hold up 
objects. If I did not have friction ridges, I would not be able to hold up, for instants, a water bottle. It would 
drop out of my hand immediately. It is the pattern of the friction ridges that gives the pattern of the 
fingerprints. However, what is a fingerprint actually made of? 



Illustration 114 : Layers of Skin & Associated Glands and Vessels 

The material that is deposited is the excretion from the glands, which are just below your skin. These glands 
excrete a cocktail of natural chemicals - salts, fats, amino acids, proteins, and water. It is the deposit of these 
on the surface of some other object that creates the fingerprint. 

2.2 DNA versus Fingerprinting 

Let us compare fingerprints to DNA. 

With DNA-technology, we can statistically calculate that no two people have the same DNA, or to be correct, 
we can statistically calculate that the likelihood of two people having the same DNA is minute and 
vanishingly small, except, of course, for identical twins as we have discussed in the DNA-lecture. 

Fingerprinting is not quite the same. Even though the early experts on fingerprinting did do 
statistical calculations, it is essentially experience. In more than a century of fingerprinting, no two people have 
been found to have the same fingerprints. Even identical twins do not have the same fingerprints. Their 
fingerprints may be very similar, but they are not necessarily identical. The reason that identical twins can have 
different fingerprints is that twins, identical twins, are identical at the moment of conception. Everything that 
happens after conception is not necessarily identical and can be different, and fingerprints, of course, are 
formed later. 


2.2.1 First Principle 

The first principle of fingerprinting is about difference, and the first principle is that no two fingers have the 
same prints, including identical twins. That is why when you are fingerprinted they take all 10 prints. 

2.2.2 Second Principle 

The second principle of fingerprinting, which was pointed out by Mark Twain of course, is that fingerprints 
do not change during a lifetime. Mark Twain used the phrase 'from the cradle to the grave.' In fact, fingerprints 
form before you are in your cradle, before you are born, but obviously, that is not of great forensic use. 

Fingerprints remain after you are in your grave, after you are dead. In fact, fingerprints will survive as long 
as your skin survives. Therefore, even when your internal tissues are liquefying you can still give fingerprints. 

Now, do fingerprints change? Fingerprints of themselves do not change, but fingerprints can be changed. 
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Illustration 115 : John Dillinger 

Here is an example of the famous American gangster, he was number one most wanted, John Dillinger. He 
knew the dangers of his fingerprints giving him away. Therefore, he attempted to destroy his fingerprints using 
concentrated acid. As you can see, he did not succeed. 


J ' 



Illustration 116 : John Dillinger's Fingerprints 


Nevertheless, there are ways to get rid of your fingerprints, and one way is if you are taking this 
anti-cancer drug, Capecitabine. Therefore, there was a man who was taking Capecitabine, because he was in 
remission from cancer. He travelled to the United States to visit friends and relatives. Now, when you enter the 
United States you are fingerprinted, but one of the side effects of this drug is so-called hand and foot 
syndrome, which includes swelling of the tissues of the hand and foot, and his fingers had swelled, therefore, 
that his fingerprints had become indistinct. The officers at the passport control could not obtain his fingerprints. 
This unfortunate man was held for 4 h until the immigration people were convinced of his situation. If you are 
taking this drug, and you plan to travel to the United States, do make sure that you have a letter from your 
physician with you. 

I happen to know someone who has no fingerprint on one of her fingers, and this is one of my nieces. When 
she was very small she decided to investigate a rice cooker, which was on, and she investigated it by putting 
her finger in the rice cooker. The end of that finger was severely burned, and what amazes me, is how 
someone so small can make so much noise. Well, of course, she will. We took her to the doctor, her finger was 
treated, and it is all fine now, but even to this day, she has no fingerprint on that finger. Therefore, yes, it is 
possible to remove your fingerprints, but this is a particularly painful way to do it. In fact, showing up at 
immigration with no fingerprints at all is more suspicious than showing up with fingerprints. 

2.2.2.1 Skin Grafting 

Now, fingerprints are being increasingly used in security and other areas to identify people. Therefore, it is 
obvious that criminals are going to try to find ways to get around fingerprinting. One way that is being used is 
skin grafting, and this is just like a skin transplant; a doctor removes the skin from the end of the finger, and 
grafts on skin from another part of the body, such as the feet. This is not eliminating the fingerprint, but it is 
changing the fingerprint. The old fingerprint disappears, and the new fingerprint will be from the friction ridges 
from whatever part of the body was used, such as the soles of the feet. 
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Nogales AZ, 2005 

Here is an example from a few years ago, 2005, when a man with a criminal record called Marc George 
entered the United States from Mexico. Now, Mr. George, because of his criminal record, did not want to be 
recognized at the border. He knew he would be fingerprinted, and therefore, he went in for the skin graft 
procedure. He got a doctor to graft skin from his feet onto his fingers. The mistake he made was to try to 
re-enter the United States before his feet had healed up properly, his limping gave him away, and he was 
identified and arrested. The doctor who carried out this procedure, a man called Jose Covarrubias was tracked 
down; he was living in Harrisburg, Pennsylvania. He was tracked down a few years later, and he was charged 
and ultimately sentenced to 18 months in prison. It is a relatively short sentence, and that is because it could 
only be proved that Dr. Covarrubias had carried out this medical skin graft procedure, and there was no 
evidence that Dr. Covarrubias had been involved in any of Marc George's other activities. 

This is going to be an increasing problem as the authorities rely on fingerprints to identify people. Criminals 
will look for ways to get around that technology. 

2.2.3 Third Principle 



Ridge ending 
Bifurcation 



Lake 

Independent ridge 
Dot or island 
Spur 



Crossover 


Illustration 117 : Classification of Fingerprint Patterns 

The third principle is that the patterns can be classified, and this of course goes back to the work of Galton 
that we mentioned. The small features present in fingerprinting can be described in different terms, and you 
can see some of the terms here on this illustration. On looking at them, you can see that some of the terms are 
geographically inspired, and some appear to be inspired by the railways. In addition to these small features, the 
bigger pattern of the fingerprint can also be classified, and here you can see some of the classifications that 
fingerprint examiners use. 

3 Visualizing Fingerprints 



Now, sometimes fingerprints are visible. The fingerprint that convicted Francesca Rojas was a 
visible fingerprint, because it was in blood. However, many fingerprints are not visible to the naked eye, and 
these are referred to as latent fingerprints. In addition, latent fingerprints require some artificial means to make 
them visible, and typically, they require treatment with a chemical for chemical visualization. 
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3.1 Origin of Fingerprints 

In order to understand chemical visualization, we need to remember what fingerprints are made of. 
Metal salts, amino acids, proteins, fats, and water. Of course, the water is not going to last very long, because 
that is going to evaporate. 

3.2 Fingerprint Visualization 

The simplest way to visualize fingerprints is to use a dusting powder, and this is not strictly a 
chemical method, it is simply the physical adhesion of the powder to the fingerprint. 

3.2.1 Dusting Powders 

There are various dusting powders available, but the general idea is that you choose a dusting powder that 
will contrast with the background. If you are looking for fingerprints on a white surface, then you can use a 
black powder like carbon black. If you are looking for fingerprints on a dark surface, then you can use a 
light powder like aluminum. 



The powder can then be lifted off onto tape, photographed, and preserved. 

3.2.2 Chemical Reagents 

There are also various chemical reagents available. For instance, the object can be sprayed with Ninhydrin, 
which reacts with the amino acids present, and makes the latent fingerprint visual. You can use other chemicals 
like iodine or silver nitrate. 

3.2.3 Physics-based Methods 

There are also physics-based methods, for instance using a laser to get laser fluorescence, which can be 
done alone or in combination with a dye. 

3.2.4 Fuming Cyanoacrylate 

One of the most effective methods is the so-called fuming cyanoacrylate method, and that sounds 
technological and sophisticated, until you realize that cyanoacrylate is just superglue. In addition, this is a 
technique that was discovered accidentally by two Japanese police officers, and they were using superglue to 
fix some objects down when they realized that the superglue was causing fingerprints to show up. The 
mechanism is not clear, something in the fingerprint, possibly the amino groups of the amino acids, is inducing 
polymerization of the cyanoacrylate molecules in the superglue vapor. However, what is happening is the 
superglue is depositing on the fingerprinting, making it visible. 

3.2.4.1 Fume chambers 

Nowadays, it is not done by accident; there are specific devices. Fume chambers - some of these can be 
quite small for small objects, but you can get commercial superglue fuming chambers big enough for rifles. You 
can fume an entire car in order to find fingerprints. Therefore, it is proved to be a very useful method. 

4 Brandon Mayfield Case; Summary 

With fingerprinting, there is still a need for improved methods for visualization, particularly for some of the 
surfaces where it is difficult to do. Another aspect of fingerprinting is the use of electronic databases. 
Fingerprint databases started over 100 years ago, but those were on card, and that required a 
fingerprint examiner to go through them one by one. Those databases are now electronic, and computers can 
go through finding matches. However, we have to be careful. When an electronic database searches through 
fingerprints, it is not looking for perfect matches, it is looking for close matches, and a search of a database will 
give a number of close matches, a number of hits. The final judgment then comes from a human 
fingerprint examiner. Usually, that is very reliable. However, as with every human activity, it can go wrong. 
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It went spectacularly wrong back in 2004 in the case of Brandon Mayfield. Brandon Mayfield is an attorney in 
the state of Oregon, and he was detained as a material witness in the Madrid train bombings. Back in 2004, 
terrorists planted bombs on a number of commuter trains in the Spanish capital, Madrid. When those bombs 
exploded, 191 people were killed. This was in the run up to the Spanish general election, and the bombs almost 
certainly influenced who became Prime minister after that election. On a bomb fragment, a partial fingerprint 
was found. When that partial fingerprint was run through electronic databases, it was found to be a 
partial match to Brandon Mayfield, and this is why Mr. Mayfield was detained. 

However, there is an immediate problem with this idea that the bombs were planted in Spain. Mr. Mayfield 
lives in Oregon, which is a very long way away, and there was no actual evidence that Mr. Mayfield had 
travelled to Spain. Nevertheless, how did his fingerprint get on the bomb? The answer is it did not. It was only 
a partial match. It was not a perfect match. The Spanish discovered that the fingerprint on the bomb was a 
perfect match to a man called Ouhnane Daoud, and he is their chief suspect in this case. Therefore, this case of 
Brandon Mayfield and the fingerprint reminds us of what Edmond Locard said that physical evidence could not 
be wrong, only human failure can diminish its value. 


5 Introduction to Polymers & Fibers 

This lecture is about polymers and fibers. Before we can understand how polymers and fibers can be used in 
forensic science, we first need to know a bit about the chemistry of polymers and fibers. 


5.1 What is a Polymer? 


HZZH 



If you take a small molecule, and then you link it to another one of the same small molecule, and then to 
another one, and then to another one, and then to another one, a.s.o., you end up with a long chain molecule 
made up of those original single molecules linked together. Those original single molecules are known as the 
monomer, and this long chain molecule is known as a polymer. Poly, of course, comes from the Greek, for 
many. 







Not all polymers consist of the same monomer over and repeatedly. We can mix up different monomers. For 
instance, if you have two different monomers, then when you link them up to make a polymer, you can get 
what we call a co-polymer, where the two have been combined to make a single long molecule. The main thing 
to understand is that a polymer is made up of long chains of these individual monomers. 


5.2 Polymers 
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Formula 13 : Polymerization of Ethylene to Polyethylene 


Here is an example of a very common polymer that we all encounter every day in our lives, and that is 
polyethylene, which is better known as polythene. Polythene is the polymer derived from the gas ethylene. 
Every year millions of tons of ethylene are polymerized to make polythene for all sorts of uses including, of 
course, things like shopping bags. 
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Polypropylene H3C-C 
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Pfopylerre monomer 


Polystyrene 



Styrene monomer 


Formula 14 : Monomers of Polymers 


We are also familiar with polymers like polypropylene and polystyrene. Polystyrene, of course, is the material 
that is used to make Styrofoam packaging. Moreover, these are polymers from the corresponding monomers, 
propylene, and styrene, and it is done in a quite similar way to the polymerization of ethylene. Now, 
polyethylene, polypropylene, and polystyrene are widely used to make all sorts of things, but they are not 
actually good for making fibers. People do not make fibers out of these particular polymers. 


5.2.1 Nylon 


J e -C-=-C- C -cH 

Nh Hh HH 

H 4c- C -C' C 'C- C ) N H, 

HH HH 0 

HH HH HH 

Adipic acid 

Diaminohexane 



HH HH ] 

h Hh Hh hh 

\ * ij ir 

H,H H.H ’ 

H 


[W-J 

VS'SrS 

mvM 


H 

l HH HH oj 

HH HH HH H 

1 1 1 ^ :ii 

HH HH 0, 



Nylon-6,6 


Formula 15 : Polymerization of Nylon-6,6 

Here is a polymer that is excellent for making fibers; it is nylon. Nylon is a co-polymer where you take two 
quite different compounds, and induce them to form a chain. Nylon-6,6; there are different forms of nylon, 
comes from adipic acid polymerized with diaminohexane. If you count out the atoms, you will realize that 
molecules of water are being produced as a by-product. It is Nylon-6,6, because adipic acid has six C-atoms 
and diaminohexane has six C-atoms. You can see that it forms a polymer where you have alternating 
adipic acid- and diaminohexane-units. Nylon, as I mentioned, is an excellent polymer for making fibers. 
Probably, at this very moment, all of us are wearing something containing some Nylon. 


5.3 Fiber Examination 


Suppose we have a fiber found at a crime scene. What can you do with that fiber to identify it? 

The simplest thing you can do is just to look at it under the microscope, and this may help you determine 
the type of fiber. For instance, whether it is wool, or nylon, or cotton, or some other. Now, because we can 
consider fibers as organic chemicals, we can also use on them the spectroscopic techniques that we studied in 
an earlier lecture. Therefore, you can use spectroscopy on the fibers to determine their chemical composition. 
You can also look at physical features, such as the shape of a fiber. For some fibers, specifically the 
synthetic fibers, the shape is characteristic of the manufacturing, which we will talk about in a moment. 

Most synthetic fibers will originally be colorless, but we like to have colored fibers in our clothes, therefore, a 
dye has to be added to these synthetic fibers to give them those colors. Not only can we do 
spectroscopic analysis to determine the chemical nature of the fiber, we can also do spectroscopic analysis to 
determine the chemical nature of the dye, and this of course will be another step towards individualization of 
that fiber. 

The manufacturers also add other chemicals to the fibers to make them attractive for use in clothing. For 
instance, one kind of chemical that is added is called delustrants, and these are to make the fibers shinier. 
Again, we can use chemicals spectroscopic methods to identify the delustrant. The more different 
chemical components of the fiber that we can analyze, then the better we can get towards individualization of 
that fiber. 
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5.3.1 Natural Fibers versus Synthetic Fibers 

Obviously, there is going to be a difference between natural fibers and synthetic fibers - natural fibers 
coming from plants and animals, synthetic fibers coming from the chemical industry. Therefore, let us take a 
quick look at making synthetic polymers and synthetic fibers. 

5.4 Synthetic Polymer Fibers 



Synthetic polymer fibers are typically made by a process called extrusion. On one side of a barrier, either 
there is the polymer, in its molten state or in solution; therefore, it is a liquid form. The barrier is permeable; 
there are holes in it. When the liquid form of the polymer is forced through the barrier into a new medium 
where it solidifies, as it goes through these holes, it will form fibers, and this is called extrusion. Synthetic fibers 
are typically made by extrusion processes. 

The shape of the fiber and the size of the fiber are going to depend on the hole that the material was forced 
through, when the fiber was formed. This will vary from manufacturer to manufacturer. If you have a 
synthetic fiber, you can look at it under the microscope, and the shape of the fiber will help you to identify 
which manufacturer, and perhaps, which batch of material when it was made. 

5.4.1 Identification 


Microscope 


[R 


]R Microscope 

I mentioned that we could also identify the chemicals that make up the fibers, using spectroscopic methods. 
A very good method for doing this is from the IR-spectrum. Now, the normal IR-spectrum is recorded on a 
large amount of material, but a fiber found at a crime scene would be just a single fiber. Therefore, we have to 
use what is called an IR microscope, and this combines a microscope, therefore, you can see the fiber, and the 
IR-spectrometer. Moreover, this combination of the IR microscope allows the analysis of the 
chemical constituents of the fiber. 

At this point, please watch 'CSI & Forensic Science_002.MP4' 

Video 2 : Demonstration of IR-Spectroscopy 
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5.5 Jeffrey MacDonald 

Here is one example of a case where the IR-spectrum of a fiber proved to be very important, and this is the 
case of an U.S. Army officer, Jeffery MacDonald, who was stationed at Fort Bragg, North Carolina. He was 
convicted of murdering his wife and daughters, and they were killed by being beaten and stabbed in the night 
in their own home. 


5.5.1 Defense 


Now, MacDonald's defense lawyers came up with a defense that the murders were not done by MacDonald 
himself, but they were done by a group of drug addicts who had broken into the house. The problem was, at 
the original trial, there was no evidence that anyone else other than the family had been in the house. 
Therefore, the defense here is trying to raise reasonable doubt, but without evidence that there were 
other intruders, this was not considered reasonable, and MacDonald was found guilty. 

However, the defense did find additional evidence, which they used at the appeal. That evidence was a fiber 
from the crime scene, which did not match any of the clothes of the victims, and therefore, is the evidence of 
an intruder. 



From Mrs, 
MacDonald 


Claimed fa be 
from attackers 


Well, the way to confirm that this fiber did not match any of the clothes was by doing IR-spectroscopy of all 
the clothes. This was done by the F.B.I., and here is one result. The lower trace shows the IR-spectrum of this 
fiber, which the defense is claiming is from the real attackers. The upper trace is the IR-spectrum of fibers in a 
fall, belonging to one of the victims, Mrs. MacDonald. As you can see, the two traces match very closely. This is 
not evidence of any intruders, because it could be just from an item of clothing belonging to Mrs. MacDonald. 
The appeal was not successful. 

6 Natural Polymers 

6.1 Rubber 
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Formula 16 : Isoprene versus Latex 

Many polymers that we use are actually natural materials, and one example of a natural polymer that has 
been used for many decades, many centuries, is rubber. Rubber, which comes from the rubber tree, is a 
polymer of the chemical isoprene. 
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That polymerization is actually done by the tree, and the crude latex, which is a very sticky liquid form of the 
polymer, just drips out of the tree when it is cut in the right manner. Rubber, of course, has been used for 
clothing, it is much better for boots rather than clothing, and it is not a good material for making fibers. 

6.2 Cellulose 

One of the best natural materials used for making fibers is cellulose. Cellulose is a polymer of glucose, and 
glucose can polymerize in nature in two different ways. 

6.2.1 Polymers of Glucose 



Formula 17 : Starch 


It can polymerize to form starch, which we can digest, we eat it everyday in potatoes, or rice, or bread. 



Formula 18 : Cellulose 

If it polymerizes in a slightly different way, then it forms cellulose, which is the principal structural material 
for all plants, and that cannot be digested by us. The difference in the way of polymerization is simply what we 
call stereo chemical. It is a small difference in the 3D-structure of the polymer. 



Cellulose, the structural material for plants, can be a very good natural polymer, particularly from the 
cotton plant, and cotton, of course, is one of the major materials that are used for making clothing. The fibers 
are produced naturally by the plant, then they are spun, and they are processed by the mills. 

In forensic terms cotton is a problem, because all cotton fibers are chemically identical, they are all cellulose. 
In addition, because they are a natural fiber, and they are not produced by any chemical means, they pretty 
much all look the same, all cotton plants give fibers that are very similar. 

The differences with cotton come in the later processing, in terms of when it is dyed. Therefore, if you have 
a cotton fiber from a crime scene, the most information you are going to get is from the dye. That means if you 
are going to commit a crime, the best clothes to wear are those made of white cotton. 
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6.3 Proteins 
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Formula 19 : Amino Acid 


Another important class of natural polymers, more important than polymers of glucose, are the proteins. 
Now, there are about 20 amino acids, which are essential for life, and the amino acid molecules all contain what 
we call a carboxylic acid group, C0 2 H. Adjacent to that, they all contain an amino group, NH 2 . There is one 
exception that does not. These two factors are constant. The 20 or so essential amino acids differ in the 
remaining substituent, which I have indicated as R, and that is what makes these amino acids different from 
each other. 

Polymers of amino acids are proteins. The structure and function of proteins depend on R. 




Formula 20 : Basic Protein Structure 

The polymers are formed by the carboxylic acid unit of one amino acid, reacting with the amino group of 
another, a.s.o., making a chain. In addition, you can create an extraordinary number of proteins, because you 
can combine different amino acids into all sorts of different sequences, depending on which of this substituent's 
R you choose, and what combination of different substituent's R you choose, down the chain. The R substituent 
makes all the difference, and the structure and the function of the polymer depends on those substituents. 

While cellulose is the structural material for plants, proteins are the structural material for animals. They 
provide our tissues, they provide our cells, they provide our hair, and hair is made of protein. They provide our 
fingernails, and they are part of our bones, even though we say our bones are made of calcium, actually our 
bones are made of calcium phosphate combined with proteins. 

6.4 Enzymes 

Our enzymes, which are the chemical catalysts that keep our biochemical machinery running, are also 
proteins; they are very highly specialized proteins. 

6.4.1 Antibodies 


Antigens 



Antibody 


The antibodies that we talked about in our lecture on blood, these are also proteins. Therefore, our bodies 
use proteins for many different functions, and our body can do this because these different R substituent's on 
the amino acids gives us an enormous number of possible proteins. 
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7 Hair 

Hair is made of protein, and hairs are quite likely to be found at crime scenes, particularly violent scenes 
where hair may have been pulled out forcibly. When you look at the hair, it is just a hair, but actually, hairs are 
quite complicated. 



Follicle 


Hair 

root 


Cuticle 


This is what a hair looks like, for instance, when it is growing out of your head. The hair grows out of a root, 
which is inside the follicle that is nourished by blood from blood vessels, and then the hair grows out through 
the skin. However, the hair is not a single item; it is actually made up of different components within the hair. 

7.1 Hair Growth 



Illustration 118 : Anagen Phase of Hair Growth 


When hairs start growing, they are in inside the so-called Anagen Phase. This is the growth phase, and this 
can last some years. Now in a violent incident, if a hair in the Anagen Phase is pulled out, for instance in a 
fight, then typically it is ripped out with the root of the hair, and the root of the hair will contain DNA. Moreover, 
this is of course extremely useful for identifying whose hair it is. 





Illustration 119 : Catagen Phase of Hair Growth, 2-3 weeks 

After a few years, the hair stops growing, the growth slows, and then stops. This is the Catagen Phase; it is 
a Transitional Phase after the Anagen Phase. 


m 

Illustration 120 : Telogen Phase of Hair Growth, 2-6 months 
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When the growth has stopped and the root shrivels up, the hair can fall out. This is called the 
Telogen Phase. Hairs that naturally fall out in the Telogen Phase, and these of course are the hairs that collect 
in the drain of your bathtub, these are much less useful for forensic purposes, because they do not contain 
much DNA at all. 

7.2 Cross-Section of Hair 


Ha [t M'ufi - C res*. ■w'Ctiton 



Illustration 121: Cross-Section of Hair 

Let us look at the structure of a hair. The outside of the hair is called the cuticle and this often, for instance, 
looks scaly, but by inspection of the cuticle, it is possible to identify the species from which it came. Inside the 
cuticle is the cortex, and the cortex contains pigment granules. The cortex controls your hair color. The 
pigment granules can be examined under a microscope, you can determine the color, the size, the way they are 
distributed, how closely they are packed in, and that is useful information. In the centre is the medulla, and 
again, this is particularly useful for identification of the species. 

7.3 Human or Animal Hair? 



Illustration 122 : Differences of Human- (left). Dog- (middle), and Cat-Cuticle (right) 


Here, for instance, are three different hairs. There is the cuticle, you can see between human, dogs, and 
cats they are quite different. 
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Illustration 123 : Differences of Human- (left). Dog- (middle), and Cat-Medulla (right) 

In addition, the medulla, you can see the pattern for human, dog, and cat hairs are quite different. From 
microscopic inspection you can determine whether a hair is human or from a different animal. 
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7.4 Individualization 



How do we individualize a hair? In the ideal situation, there will be sufficient tissue from the follicle that you 
would get enough DNA to identify whose hair it was, and this is typically true when that hair has been pulled 
out. If that is not the case, then it is necessary to rely on comparison. For instance, suppose you have a hair 
from a crime scene, and a hair from a person, a suspect, or from a corpse, maybe the person has been 
murdered. You can take the hair from the crime scene, the hair from the body or the person, and you compare 
them under the microscope. This is not done by a scientific hair comparison machine; it is done by an 
experienced expert. Therefore, the judgment as to whether those two hairs come from the same head is the 
opinion of an expert, and like all human activities, it can be wrong. For instance, in a survey done by the F.B.I., 
11 % were miss-assigned. We cannot say that hair examination and comparison is particularly accurate. 

7.5 Hair Analysis 

Hair analysis also gives us another opportunity. We said in the first lecture that forensic science enables us 
to reconstruct what happens in the past. The hair, your hair, contains a record of the chemicals that were in 
your body in the past. If you consider a hair growing out of your head, typically hairs grow at about V 2 7 mon th; 
that are 1.25 c 7month- As the hair grows, it is nourished by those blood vessels, but any extraneous chemicals in 
your blood will also be deposited in the hair. As the hair grows out, those chemicals will be locked into the hair. 

For instance, a disreputable bar is raided by the police. The people in the bar are required to give 
urine samples. Someone is found to be positive for a drug, let us say it is ketamine. They are questioned by the 
police, and they denied that they are ketamine users, and they say that maybe somebody slipped the stuff in 
their drink that evening. How can we find out whether they are telling the truth? 

7.5.1 Hair sample 

You can do it by hair analysis. Take a hair sample, cut off at the scalp, at the scalp will be the newest hair, 
cut it into segments, analyze the segments. 

If that person is telling the truth, then there will be no ketamine in the hair. However, if you find ketamine 
relatively evenly distributed along the hair, then it tells you that person is a habitual user, and they are lying. 

Hair analysis helps us determine and reconstruct the past, in terms of a person's chemical exposure. In the 
case of ketamine, we are determining whether someone willingly exposed themselves to that chemical. It can 
also tell if someone was unknowingly exposed to a chemical. 

Robert Curley died in August 1991, and the analysis of his body fluids showed high levels of the 
toxic element Thallium. Tl, of course, is an element that we met in the lecture on toxicology. Curley had done 
kind of maintenance work, repairperson work, and he had worked doing this kind of thing in a University 
chemistry laboratory. Therefore, the obvious suspicion is that he was exposed to Tl in that chemistry lab, and 
sure enough, there was a bottle of a Tl-chemical in that lab. However, it did not add up, because the 
other people working in the lab did not show any traces of Tl. When his wife tried to sue that university, the 
case did not go anywhere. 

Further investigation showed that it was not only Robert Curley who had been exposed to Tl, but low levels 
of Tl were detected in his family members, and most significantly in a thermos flask that he had used to take a 
drink with his lunch box. Interestingly, he was insured for $297,000. This adds up to a lot of suspicion, and his 
body was exhumed. In order to reconstruct his past exposure to Tl, samples of hair were taken and analyzed. 
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Illustration 124 : Thallium in Hair 

His hair was long enough that they could work out his Tl-history for the last ten months. It turns out that he 
had been exposed to Tl over a period of nine months. He actually had been exposed to Tl even before he 
worked in that University chemistry lab. There were low levels, sometimes zero levels, of Tl along the length of 
this hair almost, and a relatively high dose just before he died. Therefore, with this evidence, his wife 
confessed, and she was convicted of his murder. 

8 Wayne Williams Case 

One of the best-known fiber cases is the case of Wayne Williams. This is in Atlanta, Georgia, back at the end 
of the 70 s and the beginning of the 80 s . Starting in July 1979, the bodies of young black men were found dead 
in the woods of that area over a period of several months, and it seemed likely that these murders were linked 
to each other. 


8.1 Investigation 

When the bodies were examined carefully, the investigators found fibers, and they found the same fibers on 
different bodies - identical yellow-green or violet fibers in the clothing of the victims. Microscopic analysis 
showed that some of these fibers had quite unusual shapes, and it took the police quite a while to track down 
the manufacturer. 


Now, in early 1981 a newspaper picked up the story about the fibers and published it. Remember, the fibers 
were found in the clothing of the victims. After that newspaper article, further bodies were found, but they 
were stripped naked, and they had been dumped in the river. Clearly, the murderer read the newspaper. 



After the bodies were found in the river, the police started to watch the bridges. In May, 2 a.m. one 
morning, police officers watching one of these bridges heard a splash. On the bridge, they found someone who 
they arrested, and it was Wayne Williams. 

A couple of days later, the body of the victim, a young man called Nathaniel Cater, was found downstream, 
and yellow-green fibers identical to those found on earlier victims were found on his body. Not in his clothes, 
because he did not have any, they were in his hair. 
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Now the police had a suspect, and also they had forensic evidence in these fibers. Naturally, they searched 
Wayne Williams's house, and they found he had a yellow-green bedroom carpet. The fibers from that carpet 
matched fibers found on ten of the victims. Now, you can make an argument here, that Wayne Williams will not 
be the only person in Atlanta with that color or type of bedroom carpet. By now the police have been able to 
track down the manufacturer, and they have been able to find out how much of this carpet had been sold, and 
they could calculate that this carpet would be present in one home in each 8000 homes in the city of Atlanta. 
To put that in perspective, at that time in Atlanta, there were just over 600,000 homes. Therefore, the odds are 
quite good, but not overwhelming. 

However, the police are not relying on a single kind of fiber, because they also found violet fibers on 12 of 
the victims. These matched the fibers of a bedspread in Wayne William's house. In addition to that, hairs from 
Wayne Williams' dog were found on 11 of the victims. Fibers from his car carpet were found on eight of the 
victims. Therefore, one single kind of fiber is not overwhelming evidence, but when you take all this 
fiber evidence in its totality; it appears to be very strong. Wayne Williams was convicted and remains in prison 
to this day. 

9 Sarah Payne Case; Summary 

Our final case about fibers is the case of Sarah Payne. Sarah was eight years old when she disappeared. Her 
body was found two weeks later out in the countryside by a dog walker, substantially decomposed, and could 
only be identified by DNA. 

9.1 Suspect 

The suspect was a man called Roy Whiting. During the investigation, Whiting was actually in prison for a 
completely different offence, dangerous driving. That gave the police plenty of time to search his van. 

9.2 Results 

Fibers proved to be very important in this case. They found many fibers on the strap of Sarah's shoe. This is 
one of those shoes, which uses a Velcro strap, and fibers are tangled in the Velcro very easily. Therefore, in the 
Velcro strap, they were able to find 350 fibers, but most of those fibers had no evidential value at all, because 
they were fibers from her own clothes. However, amongst those 350 fibers they found four fibers that came 
from a red sweatshirt owned by Roy Whiting. Now, how did they know the sweatshirt was Whiting's? Because 
they could get DNA from the sweatshirt, and that proved it was his. 

In addition, they were able to find fibers in Sarah's hair, and these variously match the sweatshirt, some 
socks, and the van seat of Roy Whiting's van. Further, on searching the van, they found 40 fair hairs, the same 
color as Sarah's hair. From those 40 hairs, one of them gave a DNA result, and the DNA of the hair matched 
Sarah's DNA. All these fiber evidence, the fiber from the clothes and the hair, is very strong evidence linking 
Roy Whiting with what happened to Sarah Payne. 

9.3 Tests carried out 

One aspect of this story is the enormous effort it took to build a case. It is not like C.S.I. on television, 
where the case can be solved in 25 minutes, including commercial breaks. An enormous number of 
scientific tests were done. The investigation involved an enormous number of people; it took a very long time, 
and cost a great deal of money. The result is that Roy Whiting was sentenced to life in prison. 

9.4 Summary 

To sum up, if we want to identify fibers, we can use microscopy and spectroscopy techniques. We can use 
spectroscopy on the fibers as well as any dyes or other chemicals that are in the fibers. When it comes to hair, 
we can use microscopy to determine which species that hair came from, and by comparison, we can get some 
idea of whether the hair came from a particular individual. However, of course, comparison of hairs is 
far inferior to DNA technology. 

10 Ballistics 

This lecture is about firearms. In some countries, firearms are very rare, and those that do exist are 
strictly controlled and gun crime is rare. In other countries, ownership of firearms is much more widespread, 
control is laxer, and gun crime is more common. 

When we talk about forensic science involved with firearms, it is divided into three parts. There is the 
internal ballistics, which is about what happens while the projectile is still within the barrel of the gun. There is 
the external ballistics, which is what happens when the projectile is in flight between the gun and the target. In 
addition, there is the terminal ballistics, about what happens when the projectile hits the target. 
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10.1 Internal Ballistics 



Let us take a quick look at guns, starting with the original guns, the early guns, such as this one here, the 
Tsar Cannon in the Kremlin in Moscow. 

10.1.1 Muzzle Loaders 

At this point, please watch 'CSI & Forensic Science_003.MP4' 

Video 3 : Muzzle Loaders 


10.1.2 Guns 



Illustration 125 : The Great Turkish Bombard 


Guns come in all sorts of sizes from very small to very big. Here is an example of what we might consider 
the first of the superguns, back in 1453. These were enormous guns, 5 m long with a 760 mm internal diameter 
made out of bronze. They fired cannonballs, which were carved out of granite, and weighed 680 kg. Because of 
the size of the gun, it took many men and many oxen to move the thing. Obviously, you could not fire this thing 
very often, and they were able to fire it 7 /day Nevertheless, it was very important in smashing down the walls of 
Constantinople in 1453. In addition, 300 years later these guns were still in use by the Turks to protect their 
city. 


10.1.3 Better Engineering 

Since then, engineering has improved, we no longer make guns out of bronze, and they are made out of 
steel nowadays. This means that we can make the barrels much stronger, which means that we can release a 
lot more energy inside the barrel without the barrel bursting, i.e. we can get much higher temperatures and 
pressures, and therefore, we can fire projectiles much farther and much faster. 
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10.1.4 Muzzle Loaders versus Breech Loaders 



Muzzle loader Breech loader 


This is the Muzzle loader, and not only did materials improve, but also the design of guns improved. These 
Muzzle loaders were replaced in the 19 th century with the Breech loaders. In a Muzzle loader, everything has to 
be pushed down the barrel. In the Breech loader, it is loaded from the breech. This is much more efficient, and 
means that the firing rate can be increased. In addition, nowadays of course, the loading of a new projectile 
into the barrel is automatic. 


10.1.5 Cartridge 


A third improvement is the invention of the cartridge. The early guns, like that Tsar Cannon we saw, the 
explosive charge and the projectile were separate, and had to be loaded into the barrel separately. The 
cartridge combines both the projectile, i.e the bullet, and the explosive, which provides the energy, into a 
single object. Clearly, loading a single object into the barrel is much more efficient. 


Bullet 


Explosive / propetiant 


■ * • ■ 


si 


Cartridge case 


Interior of carfridgo 


Let us look at these cartridges. What is the detailed structure of a cartridge? You have to have a bullet, you 
have to have an explosive, the propellant, which provides the energy for the bullet, and this has to be 
contained within a bullet case. Now, the propellant, which is a typical explosive like black powder or 
nitrocellulose, will not ignite and explode on its own. 

10.1.6 Primer 



Illustration 126 : Primer 


It needs to have something to make it explode, and this is a chemical built into the base of the bullet case, 
which is called a primer. 
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Formula 21: Pb Styphnate (left: normal; right: basic) 


The primers are shock-sensitive compounds. These detonate when they experience a mechanical shock. The 
detonation of the primer then ignites the propellant and causes the gun to fire. Typical primers that are used 
are chemicals such as lead styphnate, shown on the illustration. 
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10.1.7 Cartridge Ejection 

Now we know what the cartridge is made of, what happens to each part of the cartridge? Well, the bullet, of 
course, is shot towards the target. Therefore, it will typically be far away, from where the firing took place. 



What about the bullet case? When the gun is fired, the bullet case is ejected from the breech, which means 
that the bullet case will be lying at the site of the firing unless the gunman takes precautions. Either he collects 
the bullet cases after firing, or another technique is firing the gun from inside a sack, therefore, the bullet cases 
are collected inside the sack. 


10.1.8 Firing Pin 

What happens to the propellant when it explodes? It is messy. It is turned into gases and particles. Now, we 
said that the primer detonates, and that primer detonation is what causes the propellant to explode. 


r rinci p*n strikes 
end of cortndge 


PHmer de'onaJes 


! Pvppolient explode 



What is the mechanical shock that causes the primer to detonate? It is the impact of the firing pin on the 
end of the cartridge, when the trigger of gun is pulled, that releases the firing pin to hit the end of the 
cartridge, and that causes the gun to fire. 

10.1.9 Firing Pin Impression 



Illustration 127 : Firing Pin Impression 

The base of the cartridge is made of metal, therefore, when the firing pin hits it, it will leave an impression. 
In addition, this is the first piece of forensic evidence from firing a gun, the impression of the firing pin on the 
base of the cartridge. Firing pins are going to be individual. They are going to become worn in particular ways. 
No two firing pins are going to leave exactly the same mark. 

Suppose there is a crime scene where a cartridge case is found, and a suspect is apprehended, who 
possesses a gun. The question is was that gun used to fire the shot at the crime scene? The way this is 
investigated is the gun is loaded, a test bullet is fired, and the test cartridge case is obtained and compared, 
using a comparison microscope, to the cartridge case found at the crime scene. If those firing pin marks on the 
two cartridge cases are identical, then it can be concluded that that gun indeed was used. 
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10.2 Rifling 

Another technical improvement that was made in guns is rifling. Early guns, such as the Tsar Cannon that 
we saw, have smooth barrels. Rifling is the cutting of grooves along the barrel. These grooves are not straight, 
but they curve. When the bullet or a shell is fired, it is gripped by those grooves, and that gives it some spin. 
This spin just like the bowler in cricket giving the ball some spin, improves accuracy and the stability of the 
firing. 



Illustration 128 : Rifling 


Most guns are rifled; some guns are not. For instance, shotguns are not rifled, they fire pellets, and typically, 
home-made weapons are not rifled either. The gun in the picture is a 7 in gun from Singapore's Labrador Park. 
The breach is missing, therefore, you can look down the gun, and you can see the pattern of the rifling. 

10.2.1 Forensic Consequence of Rifling 



Illustration 129 : Striations on a Bullet 

What is the forensic consequence of rifling? The forensic consequence of rifling is that the grooves leave 
scratch marks on the side of the bullet. These scratch marks are known as striations. Just as every firing pin will 
be individual, every barrel will be individual, and it will leave characteristic scratch marks. 



Illustration 130 : Comparison Microscopy of Striations on Two Bullets 

The procedure is the same. If you have a bullet from a crime scene, you have a suspect gun, you once again 
reload the gun, fire it. This time you collect the bullet. You compare the test bullet with the bullet from the 
crime scene under the comparison microscope. If the scratch marks match up, you can conclude that bullet was 
indeed fired from that gun. 
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HGun Shot Residue (GSR) 



Now we have said that when the gun is fired, the propellant and the primer explode, and they are turned 
into gas and particles. These particles are known as gun shot residue, or GSR. GSR comes out of the muzzle of 
the gun, it comes out of the breech of the gun, and it will be deposited on anything near the gun when it is 
fired. It will be deposited on the hands and the clothes of the gunman, presumably not on the palm of the 
hand, because that is on the gun, but on the back of the hand, and it may be deposited on the clothes of 
whoever is the target. 

The GSR spreads out to a distance of about 1 m, therefore, if the victim of the gunshot is 1 m or less away, 
then you would expect GSR on the victim. If, however, the victim is really close to the gun, that is the gun is 
being pressed against the victim's head, then there is not much GSR on the victim, because it has been forced 
into the wound. 



Illustration 131: Head Wound 


Here is a case where the gun is not pressed against the victim's head, and the victim will have GSR over 
him; but pressed against his head, most of the GSR will go into the wound. 

11.1 How can we detect GSR? 



Illustration 132 : Griess Test Result 


Most explosives include nitro compounds; therefore, GSR will contain nitrite and nitrate residues. 
Nitrite residues can be chemically detected by a process called the Griess test. However, the Griess test is not a 
specific test for GSR; it is a test for nitrite, which means that any other materials that may also contain nitrites 
will also be positive to the Griess test. This can be true from fertilizers, it can be true from urine, it can be true 
from cosmetics, and it can be true from tobacco. 

Over-reliance on the Griess test has caused wrongful convictions. For instance, the case of the Birmingham 6 
who were convicted of being IRA terrorists, and carrying out a pub bombing in Birmingham in 1974. It was 
based, in part, on a Griess test, which was subsequently deemed to be unreliable. In 1991, after a long time in 
prison, their conviction was overturned. 
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Formula 22 : Sodium Rhodizonate 

Another test uses a chemical called Sodium rhodizonate. This is not sensitive to the nitrite; it is sensitive to 
the metals in gunshot residue. Gunshot residue may contain salts of metals such as Pb, Ba, and Sb. 

At this point, please watch 'CSI & Forensic Science_004.MP4' 

Video 4 : Color Reaction of Sodium Rhodizonate with Metal Salts 



Illustration 133 : GSR Particle 


If you can use Sodium rhodizonate to detect these three elements, then you are probably dealing with GSR, 
because this is a pretty rare combination of elements. However, as we know from our lecture on spectroscopy 
and atomic structure, nowadays we really should not rely on these old-fashioned color tests. We have 
sophisticated instrumentation to do this analysis, and one of the best ways to analyze gunshot residue is to use 
SEM-EDX, which we talked about in that lecture. SEM, the scanning electron microscopy component, we can 
actually see the particles of GSR which are in the micron range, and this is a GSR particle. The EDX component 
of the instrument can then tell us what elements are present in that particle. This can be very powerful 
forensic evidence. 

In 1999, the British TV personality, Jill Dando, was shot on her doorstep of her home in West London. After 
a long investigation, a man called Barry George was arrested, charged, and convicted. In 2001, he was 
convicted of Jill Dando's murder. Part of the evidence for his conviction was finding one particle of GSR in his 
coat pocket. Now, if you fire a gun, or if a gun is fired at you, and there is GSR deposited on you or your 
clothes, it is not going to last long. Within a few hours, depending on exactly what is done, that GSR will be 
gone, therefore, GSR must be searched for as soon as possible after the crime is committed. 

In the case of Barry George, they were able to find a particle of GSR on him, because it was in his 
coat pocket, presumably was trapped in the coat pocket, and therefore, was not washed off in any way. 
Barry George, however, appealed his conviction, in 2007, his appeal was successful, and he was released. He 
was considered innocent by the court of appeal, because the GSR evidence was considered to be unreliable. 

What went wrong with the GSR evidence? 

The answer is GSR cannot be individualized. Just because you find a GSR particle, which chemically matches 
any GSR found at the crime scene, does not mean it is linked, because there is not much variation within GSR. 
Investigators involved in the Jill Dando case categorized GSR into five types. 

1. GSR containing Pb, Ba, and Sb 4. GSR containing Pb, Ba, Ca, Sn, possibly 

2. GSR containing Pb, Ba, Sb, and Al 

3. GSR containing Pb, Ba, Sb, and Sn 5 - GSR containing Ba, Ca, Si, Sn, and maybe 

If you only have five different types of GSR, it means that the individualization is not very effective. GSR is 
strong evidence, but on its own is not sufficient. 

12Summary 

Arising from the internal ballistics, we have some important forensic methods. We can compare striations 
caused by rifling between different bullets, we can compare the mark caused by the impact of the firing pin 
onto the cartridge case, and we can also study the chemistry of GSR. Even though these methods have 
some limitations, it is still extremely important in firearms' cases. 
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Narcotics 


1 Types of Illegal Drugs 

This lecture is about drugs; meaning of course, illegal drugs. To put it more correctly, drugs that are illegal 
under most circumstances, in most jurisdictions. 

We can divide these illegal drugs into three different types. There are natural chemicals, mostly from plants, 
but also from other creatures. Moreover, typically mostly people who you might refer as medicinemen have 
used these since ancient times, and they have been used as medicines. Morphine, for instance, from the 
Opium poppy, has been in use for millennia, or they might be used for religious experiences. The so-called 
medicine men, or shamans, might take the plants that contain these substances, go into some kind of 
hallucination, and think they are communing with the spirits or the gods. 

With the advent of modern chemistry in the 19 th century, it became possible to take these substances from 
nature, and then modify them by artificial means, to generate new compounds with different activities. These 
modified natural compounds we will refer to as semi-synthetic compounds. An example of a semi-synthetic 
compound, which in this case is legal, would be aspirin. It is derived from a chemical that occurs naturally in 
willow trees. 

The last class is the purely-synthetic compounds. Typically, these compounds have been prepared in the 
pharmaceutical industry for disease treatment of one kind or another, and somehow they have started to be the 
subject of misuse. In this category, we might also include abuse of solvents, paint sniffing, and glue sniffing, 
but whichever category the chemicals come from, they can lead to physical and psychological addiction. 

1.1 Natural Substances 

1.1.1 Fly Agarics Mushroom 



It is certainly nothing new. This is a quotation from Georg Steller, who was an early explorer in Siberia back 
in the 18 th century. As he was travelling through the wilderness of Siberia, he came across a tribe who really 
liked mushrooms. However, they did not like mushrooms in the way that you or I might like mushrooms, maybe 
fried with a little red wine and garlic or something. 



Illustration 134 : Fly Agarics Mushroom 


They liked these mushrooms called the fly agarics, which they would dry and eat. 
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Formula 23 : Ibotenic Acid 

Because of this chemical, ibotenic acid that is present in the mushrooms, the people who ate them would 
become intoxicated and hallucinate. Of course, these mushrooms were very popular in this tribe. They 
commanded a high price; therefore, the poor people could not afford the mushrooms themselves. According to 
Steller, what the poor people do would be to collect the urine of the people who had eaten the mushrooms, 
drink the urine, and get the same experience, if not better. They could do this, because the body gets rid of this 
ibotenic acid by excreting it into the urine. 

1.1.2 Peyote Cactus 



Illustration 135: Peyote Cactus 

It is not just mushrooms. This is the Peyote cactus. 



Formula 24 : Mescaline 


It contains the chemical Mescaline, which is biologically active. This cactus has been used in various religions 
in Mexico for many years, it spread to the Native Americans of the South-West United States in the 
19 th century, and they too used it for religious purposes. Because of the mescaline present in the cactus, this is 
illegal in the United States, with the exception of those who use it for religious purposes. 


1.1.3 Cannabis 



Illustration 136 : Cannabis 
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One of the best-known drugs that have come to us from ancient times is Cannabis, which is known by many 
different names (Grass, Pot, Hemp, Hashish, and Marijuana). In ancient times, Cannabis was well known 
throughout Asia, China, and the Middle East, and one of the uses for this plant was very simply to make rope. 
Hemp fibers turn out to make very good rope, and nowadays, in many countries, they are used for things like 
bags, sacks, a.s.o. However, certain parts of the plant contain potent chemicals that act on the brain. 

The first Europeans to come across cannabis were possibly the Crusaders. In the time of the Crusades, there 
was a mysterious organization run by the so-called 'Old Man of the Mountains,' and this was an organization, 
which would supply assassins. The people who worked for this organization, according to stories that are 
passed down, would do absolutely anything on the orders of this 'Old Man of the Mountains.' One theory is that 
they would do this, because he kept them well fed on Cannabis, which is also known as Hashish. That is why 
we get this English word, assassin. It is derived from the Arabic Hashish. 

Certainly one of the first Europeans to describe cannabis use was Marco Polo, who travelled through these 
regions on his trip to China. The Cannabis habit was probably first brought back to Europe by soldiers in 
Napoleon's army after his ill-fated invasion of Egypt and Syria. In Cannabis use, the typical method of ingesting 
it is to take the herbal material from the plant, which is Cannabis sativa, and then this is usually smoked. 

The herbal material can be identified by using the techniques of botany. Investigators can look at the shape 
of the leaves, they can identify it by a characteristic smell, and a very characteristic point about Cannabis leaves 
is the presence of small silica particles in the leaf, which can be observed under the microscope, which are 
called cystolithic trichomes. Cannabis sativa is the only member of its family. It does not have any close 
relatives with which it can be confused. In fact, the closest relative of the Cannabis plant is the Hop plant, 
which is used as a flavoring for beer. 

Cannabis leaves 



Illustration 137 : Cannabis Chocolate 


In addition to the herbal material, Cannabis may also be consumed as Cannabis resin and Cannabis oil. Well, 
after processing, Cannabis can turn up in all sorts of products. Here is an example, this is Cannabis flavored 
chocolate, and you can see the give-away there, the leaves. 



Illustration 138 : Cannabis Vodka 


Here is another example. This is Cannabis-flavored Vodka. 
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Formula 25 : A s -Tetrahydrocannabinol 

The biological activity of Cannabis is due largely to the presence of this chemical here, 
A 8 -tetrahydrocannabinol, and this has multiple effects upon the central nervous system. One thing that has 
been reported about taking Cannabis is that the Tetrahydrocannabinol appears to be effective against the 
very unpleasant side effects that can occur when people are taking anti-cancer drugs. That is, when people are 
undergoing chemotherapy. The side effects of chemotherapy can be very unpleasant, and some people have 
given up their chemotherapy because of those side effects. Some people on chemotherapy have taken to 
smoking cannabis to get rid of those side effects, though nowadays synthetic alternatives are available, which 
do not have the other effects of Cannabis. In some countries and some areas, it is now legal to consume 
Cannabis. An example would be the U.S. State of Colorado, which has just legalized it. 

How can Cannabis be obtained? Well, either smuggled in from the country of origin, or it can be grown 
under the right conditions. 

1.1.4 Cocaine 

1492 is one of the most significant dates in world history, because that is the date on which 
Christopher Columbus sailed across the Atlantic and discovered the Americas. Whether or not he ever realized 
he had discovered the Americas is a topic for another discussion. In the Americas, there were numerous 
species, which did not occur in the Old World, and likewise in the Old World, there were numerous species that 
did not occur in the New World. However, Columbus' crossing of the Atlantic allowed those species to 
intermingle, and this is called 'The Columbian Exchange.' 



The Old World did very well out of it, and gained many valuable and useful species from the New World; for 
instance, pineapples, papaya, potatoes, tomatoes, chili, chocolate, corn, turkeys, the antimalarial medicine 
quinine, all of these came to the Old World from the New World after 1492, and made the Old World a 
much better place. 



Horse 


In exchange, the Old World sent to the New World wheat, horses, and hard liquor. 
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Tobacco 


Cocaine powder 

Syphillts of skull 


Not all the things that came from the New World were quite so beneficial, for instance, tobacco, syphilis, and 
the subject of this part of the lecture, Cocaine. 



Illustration 139 : Erythroxylon Coca 

Cocaine is a chemical that is produced by this plant, Erythroxylon coca, which has been cultivated in the 
Andes since ancient times, particularly in countries such as Bolivia, Peru, Ecuador, and Colombia. Most of this 
area was part of the Inca Empire. Under the Incas, Cocaine production and use was very strictly regulated. Of 
course, when the Incas Empire collapsed under the pressure from the Spanish Conquistadors, this strict control 
of cocaine also disappeared. 

Why did the people up in the Andes grow the coca plant? 

The reason was that living up in the Andes at such high altitude, you need a lot of stamina, and small doses 
of cocaine, which you could obtain for instance by chewing some coca leaves or drinking some coca tea, boosts 
your physical stamina. Visitors to high altitude areas of these countries today may well still be offered a cup of 
coca tea, to help them cope with the altitude. In fact, it is still widely cultivated in South America, and many of 
the poor farmers in these parts of South America still depend on this plant for their livelihood. Indeed, the 
current president of Bolivia, Evo Morales, was a former leader of the Coca Farmers Union in that country. 

How did cocaine get out of South America? 

After Columbus' discovery, for as long as possible, the Spanish tried to close their empire in South America 
from the rest of the world. They did not want other countries benefiting from the trade with their empire. 
Therefore, it is only with the collapse of Spanish power in South America in the early part of the 19 th century 
that materials such as coca could come to North America and to Europe. When people first experienced the 
effects of coca, they thought it was wonderful; and therefore, it initially became very fashionable, but when the 
side effects became apparent, it was very quickly banned. 

Early users who thought it was good stuff include Sherlock Holmes and Sigmund Freud. Freud thought that 
Cocaine use would allow him to see inside the minds of his patients. In the Sherlock Holmes stories, particularly 
the early stories, Sherlock Holmes quite often injects himself with cocaine. 

Another use for cocaine was as an ophthalmic anesthetic. Ophthalmologists would use it on the eye of their 
patients, though now, again, that use has been superseded by the use of synthetic chemicals, which do not 
have all the other biological effects of cocaine. 
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Illustration 140 : Advertise for Cocaine Tooth Drops 


Here is an example, cocaine tooth drops. If you got a toothache, put some cocaine on your teeth, and the 
pain will go away. You cannot get Cocaine tooth drops anymore. 


n' ch ’ 



Formula 26 : Cocaine, Free Base 


There are different forms of Cocaine, and this is because Cocaine is what we call an alkaloid. It is a 
natural compound that contains an N-atom, which is basic. The free Cocaine molecule, which exists as a 
chunky material, and is known as crack cocaine, is the neutral N-containing molecule. This can be smoked, it 
can be snorted, or it can be injected. 


CH 3 



Formula 27 : Cocaine Hydrochloride 


Powder that you often see is actually Cocaine hydrochloride, and that is a compound of the free base 
Cocaine with Hydrochloric acid. This forms the white powder. 

Cocaine that is sold on the streets may also be cut. That means it has been diluted with other white colored 
materials, simply to make the smuggled material go further. It may be cut with material that have no effect on 
the user, such as mannitol or sugar, or it may be mixed for instance with anesthetics. The reason that the 
drug dealers can do this and get away with it, is because their customers cannot go complaining to the 
Better Business Bureau about it. 



Illustration 141: Cola Tree 
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I said earlier that Cocaine comes from the coca leaf, which is the leaf of the coca plant. You are probably 
aware of a well-known soft drink, which has the word Coca in its name. It is believed that the original recipe for 
that soft drink actually did contain extracts of cocoa leaf, and therefore, would have contained small amounts of 
Cocaine. It is well known that the recipe for that soft drink is a secret, but we can be quite confident that 
nowadays, that has been removed from the recipe. The other part of the name of course is Cola. Cola is this 
tree here, and Cola is a flavoring ingredient extracted from the nuts of this tree. 

1.1.5 Opium, Morphine & Heroin 



Illustration 142 : Seed Head of Opium Poppy 

Opium is a material that has been used since ancient times, particularly for its medicinal properties, for 
instance, as a painkiller. Opium is the crude material that is obtained from the seed heads of the poppy 
Papaver Somniferum. Somniferum is Latin for 'bringer of sleep,' and one of the effects of taking Opium is to 
become sleepy, therefore, it would help people sleep. 

The way Opium is obtained is that the seed heads are scored, latex exudes from those cut marks, and that 
latex, when it is dried, is Opium. Paracelsus, who we will meet in our toxicology lecture, went one better. He 
improved Opium by extracting it with Alcohol. This gives a liquid, which was given the name Laudanum, and 
that was used medicinally. In most countries, of course, Opium production is illegal. Currently, the major 
illegal producer of Opium is Afghanistan. Other countries that produced Opium in the past, such as Burma, 
Thailand, and Laos, now produce much less of the stuff. 

What is it in Opium that has these effects? 



CH 3 

Formula 28 : Morphine 

The answer is it is a chemical called Morphine. We can say that Morphine has been used as a painkiller for 
thousands of years. In fact, it is still used as a painkiller, and even today, it is one of the most effective, 
because there is still clinical demand for Morphine, then not only are there the illegal producers, there is also 
the legal producers. The biggest legal producer is, in fact, the Australian State of Tasmania. 

Opium poppies are grown in fields in Tasmania, which apparently causes some problems for the 
local wallabies. One of the uses of Opium is for gastrointestinal problems. Therefore, if you have a bad 
stomach upset, you have eaten something you really should not, one way to cure those problems is by taking 
Opium, and Opium was used in this way, up to a few decades ago. Even when I was a child, when I had a 
stomachache, my parents would give me a spoonful of something called Kaolin and Morphine, and I can tell you 
it tastes disgusting. One thing you learn after having a spoonful of Kaolin and Morphine is to be very careful 
what you eat in future. 



Illustration 143 : Samuel Taylor Coleridge 
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One person who we know took Opium is the poet Samuel Taylor Coleridge, and one of the poems that he is 
best known for is the poem 'Xanadu/ which starts, 'In Xanadu did Kublai Khan a stately pleasure dome decree.' 
According to the story, Coleridge came up with this poem while under the influence of Opium, but before he 
could write it down he was famously interrupted by the man from Pollock. What we have in the poem 'Xanadu' 
is only a part of what he dreamed about while he was in this influence of Opium. In his own words, he says, 
'This fragment with a good deal more, not recoverable, composed in a sort of reverie brought on by two grains 
of Opium taken to check a dysentery, at a farm house between Pollock and Linton, a quarter of a mile from 
Culbone Church, in the fall of the year, 1797'. 
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That was a long time ago, but even now, we can still find medicines containing Opium. Here is a packet 
from some Thai stomach medicine, and if you look at the ingredients carefully, you see 'Opium Tincture, 
0.60 ml.' That is not very much Opium. I might be a little bit more worried about the 
Antimony Potassium Tartrate that is also in there. 



Illustration 144 : Hector Berlioz 


Opium has also inspired composers. Here is the composer Hector Berlioz. It is believed that his Symphony 
'Fantastique' was composed under the influence of Opium. If you want to know what it is like to take Opium, 
but you do not actually want to take it, you could just listen to the Symphony 'Fantastique.' 

Opium has also caused wars. There were two Opium wars between the British and the Chinese in the 
19 th century, the primary cause being trade in Opium. Opium or Morphine may also have affected the 
Second World War. Hermann Goering, who was head of the German air force during that war, was addicted to 
Morphine. He would become addicted after his doctor had prescribed some for him, and it is possible that some 
of the odd decisions taken by the Luftwaffe were influenced by that addiction. 

We know Opium, that is the crude material that comes from the plant, and we know Morphine, that is the 
active ingredient in that crude material. The third member of this trio is Heroin. 

What is Heroin? 



Formula 29 : Diacetylmorphine (Diamorphine) 

Heroin is a semi-synthetic. It was invented by chemists working for the well-known pharmaceutical firm 
Bayer in Germany. Chemically it is Diacetylmorphine. Bayer is also the company that gave us Aspirin, and, in 
fact, they used the same chemistry to convert Morphine into Heroin as to convert the starting material they 
were using, Salicylic acid, into Aspirin. They were very impressed by Heroin. It made people feel strong. It was 
more potent than Morphine, and the word 'Heroin' was dreamt up by their marketing department. The idea was 
'take Heroin and feel like a hero.' 
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Of course, very quickly, the awful side effects of Heroin were discovered, it was taken off the market, and 
country after country banned it. In many countries, Heroin is totally banned. In a few countries, including the 
United Kingdom, Heroin may still be used medicinally if prescribed by a doctor. For instance, if you have a 
terminal cancer patient who is suffering great pain, a U.K. doctor may prescribe them Heroin to ease their 
symptoms. 

1.1.5.1 Harold Shipman Case 

The fact that Heroin is available in some countries to doctors can be very unfortunate. Here is the case of 
Harold Shipman. He was a British family doctor and also a serial killer. He would murder old women who were 
in his charge by administering them a lethal dose of Heroin. Because all of these women were old, they were 
already in poor health, and Doctor Shipman was a respected local doctor. There was very little suspicion, and 
there was no investigation of him until he made a mistake. It is only when he forged a will for one of his victims 
that there was an investigation, and he was caught. It is not known how many people Harold Shipman killed. 
Statistically, it has been estimated that it could be well over 200 people, making him one of the most prolific 
serial killers of all time, and he did it with Heroin. 

How does Heroin work? Why is it better than Morphine? 

HO 

1 
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Formula 30 : Conversion of Morphine to Diacetylmorphine (Diamorphine) 

On the left, you see the structure of Morphine, and this is treated with a chemical called Acetic anhydride to 
convert it into Heroin. Now, originally, Heroin meant the right compound. Nowadays, the term 'Heroin' refers to 
the illegal drug, which is pretty much always going to be impure. The term used for the pure compound is the 
chemical term Diacetylmorphine, which may be shortened to Diamorphine. The chemical used for this 
transformation, Acetic anhydride, is nowadays controlled in many of the countries where Morphine is produced, 
and also in the nearby countries where the processing may occur. 

How does Diamorphine work? Why it is so much more effective than Morphine? 

The answer is this derivatization of Morphine results in a chemical that is transported faster through the 
body and into the brain. Those two acetyl groups that are added simply speeds up the transport of the 
molecule within the body. The acetyl groups will be rapidly cleaved off by metabolic processes to release 
Morphine. The actual action on the brain is just the action of the Morphine, but the faster transport to the brain 
means that a much higher concentration will be obtained in a shorter time. A consequence, of course, of this 
rapid cleavage of these acetyl groups is that if the urine, for instance, of a user is analyzed, Diamorphine itself 
is unlikely to be detected, but Morphine will be detected. 



OH 

Formula 31: Etorpine 

Well, chemists, of course, have made many derivatives of Morphine, and some of them will have 
similar properties, some of them will have different properties. One analog of Morphine is Etorpine, and this is a 
very powerful tranquilizer. If, for instance, there is a wild animal on the loose, escaped from the local zoo, and 
it has to be shot by someone with a dart gun to make it fall asleep, then that dart would probably contain 
Etorpine. If you have seen the Jurassic Park movies, there is one of them where they tranquilize a 
Tyrannosaurus Rex, and they probably did that, or would have done that, with a really big dose of Etorpine. 

Etorpine was discovered by a research group in a university, and there is a story about how they realized 
that this material was a very powerful tranquilizer. Apparently, this research group would have afternoon tea 
together. One day, the guy whose job it was to make the tea could not find the spoon to stir the tea, therefore, 
he took one of the spatulas, or stirring rods, from the lab, and used that to stir the tea, but did not realized that 
that stirring rod was not clean. It had traces of Etorpine on it. After drinking the tea, the whole research group 
fell asleep, and when they woke up, they realized they had discovered a really potent tranquilizer. 
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Formula 32 : Codeine and Thebaine 

Back to Heroin. We have said that Heroin nowadays refers to the illegal drug, which will be impure, and it 
will have all sorts of impurities in it. Some of these will be related compounds. For instance, if the 
acetylation reaction is not done properly, there will be leftover Morphine in the Heroin. There may also be 
Codeine and Thebaine and these are Morphine-like alkaloids, which are also produced by the poppy plant. The 
Codeine may be acetylated in the same process by which Morphine is acetylated, and therefore, Acetyl Codeine 
may also be present. 



Formula 33 : Papaverine and Noscapine 

These are closely-related compounds, which are likely to be in the Heroin sample. The poppy plant also 
produces other alkaloids, which are not related to Morphine, such as Papaverine and Noscapine, and these may 
be detected in the Heroin sample too. In addition, the Heroin may have been cut, that is diluted with inert or 
less active materials, such as sugar or caffeine or barbiturates. If a sample of Heroin is seized, it can be 
analyzed chemically. It can be analyzed by GC or HPLC, and the composition of different samples of Heroin that 
have been seized can be compared. Then you can see whether the samples came from the same source, 
therefore, that they all have the same composition, or whether they come from different sources. 

1.2 Synthetic Drugs 

1.2.1 LSD 



Formula 34 : Lysergic Acid Diethylamide (LSD) 

LSD stands for Lysergic Acid Diethylamide, and is one of the most famous of illegal drugs. It was synthesized 
back in 1943 by a Swiss pharmaceutical chemist called Albert Hofmann, and he discovered that it had a 
potent effect on the central nervous system, again, by accident. LSD is a semi-synthetic derivative of alkaloids 
found in Rivea Corymbosa. It had great popularity back in the 1960 s , now it is relatively uncommon. 

Probably the main reason for it being uncommon is that other semi-synthetics are much easier to make than 
LSD. It is a potent hallucinogen, and it works by disrupting communication between the neurons. LSD itself 
probably never killed anyone, but there have been numerous fatalities arising due to LSD usage. The reason for 
these fatalities is that some people, after taking LSD, believe they have the ability to fly, which of course they 
do not. 


- 134- 












CSI & Forensic Science 


1.2.2 Amphetamines 




Formula 35 : Amphetamines 

Nowadays, probably the major threat from semi-synthetic drugs is from the Amphetamines. As you can see, 
they have much simpler structures than LSD; and therefore, they are much easier to make in illegal 
laboratories. There are various recipes of 'How to make' different Amphetamines that are available, and 
Forensic Scientists can work out which method was used for a particular sample of Amphetamines by looking at 
the characteristic impurities that are left over from the synthetic group. 


One way to control the Amphetamine business of course is to hunt out the laboratories, and shut them 
down. That is not easy, and many countries nowadays operate what is called precursor control. There are 
certain starting materials that are used in these roots to make Amphetamines, and the authorities watch to see 
who is buying these starting materials, and if those people cannot give a good reason for buying those 
chemicals, then they may be in some trouble. 



Formula 36 : Cathinone 


Now, the Amphetamines do have some natural relatives. For instance, this compound here is called 
Cathinone. 



Illustration 145 : Qat 


Cathinone is present in the leaves of this plant, which is called Qat. This is widely chewed in the whole of 
Africa and the Middle East, particularly Yemen. It is a particular problem for this part of the world, because to 
grow this plant, a lot of water is required, and none of these countries has very much water. It is chewed fresh, 
and that is because Cathinone, the active ingredient, is not very stable. If you dry the plant, for instance, you 
will lose that active ingredient. Qat is illegal in a number of countries, for instance, it is illegal in the 
United States of America, and people from this part of the world, if they are travelling to the United States, 
cannot take the material with them. 
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1.2.3 Ketamines 



Formula 37 : Ketamine 

Ketamine is quite different to the compounds we have talked to so far, because it is a purely synthetic 
compound. It was introduced some years ago as an anesthetic, but after being used as an anesthetic for a 
while, all human use of this material was stopped. That is because of its side effects. For instance, there was 
one little boy who was given Ketamine as an anesthetic before an operation, who then hallucinated for the next 
three days. Nowadays, it is no longer used as a human anesthetic, but it is still in veterinary use. Whether or 
not animals can hallucinate, we really do not know. 

Ketamine gets on the illegal drugs market mainly when it is stolen from veterinary supply companies or 
veterinarians. It is a hallucinogen. It also affects memory, it affects sensation, it affects mood, it causes 
delirium, and it causes amnesia and depression. The fact that it causes amnesia means that it has been used in 
cases of date rape. Ketamine may be in a solid form, it may be in a liquid form, it may be ingested, it may be 
smoked, it may be injected, and whichever way, it is a dangerous material. 

1.3 Analogs 

1.3.1 Desomorphine 


CH3 

Formula 38 : Desomorphine 

We have talked briefly about the concept of analogs, in that Heroin is an analog of Morphine, and that 
Etorpine is also an analog of Morphine. Here is Desomorphine. It is made from Morphine, it is more potent than 
Morphine, but it is not readily available to illegal users. 

1.3.2 Codeine 




On the other hand, here is Codeine. Codeine may be made from Morphine, or it may be extracted directly 
from Opium. Codeine in most countries is relatively easy to obtain, because it is used in cold medicines. It is 
nowhere near as active as Morphine, and therefore, in many countries Codeine-containing medicines are 
available over the counter. 



Formula 40 : Conversion of Codeine to Desomorphine 
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You can convert Codeine to Desomorphine. You need to remove one C-atom and one O-atom, and add a 
few H-atoms. One way to do this is a recipe that is available on the street, which is to treat Codeine with 
Iodine, red Phosphorus, Hydrochloric acid, and a solvent such as gasoline or oil. Now, Iodine of course, you can 
easily get from pharmacists' shop, because Iodine is used as a disinfectant for wounds. Red Phosphorus you 
can obtain, because it is present in the heads of matches, therefore, you can scratch it off the match heads, 
and use that. Hydrochloric acid can also be obtained. 

In some countries, particularly Russia, drug addicts are taking Codeine containing medicines, cooking them 
up with this appalling brew here to make something very potent, because it contains Desomorphine. In Russia, 
this is known as Krokodil. The reason it is called Krokodil is that, when it is injected into a vein, it causes 
enormous damage to the tissues. The damage is probably not caused by the Desomorphine, but it is caused by 
all the other chemicals and by-products that are produced in this reaction. The skin becomes hard and scaly like 
the skin of a crocodile, hence the name Krokodil. 

There are apparently many users in Russia. It is extraordinarily addictive. Once people start taking Krokodil, 
they will take it continuously until, perhaps, they run out of Iodine or red Phosphorous or cough mixture. Most 
disturbingly, Krokodil now seems to be spreading to other countries around the world, including the 
United States. 


1.4 'Designer Drugs' 



Formula 41: Diacetylmorphine (Diamorphine) 


Let us look at analogs. Here again is the structure of diamorphine, which as you know, is an analog of the 
natural compound Morphine. Diamorphine is illegal. 



Now, look at this compound here. That is not Diamorphine. It has one extra C-atom, Therefore, chemically 
and legally, it is not Diamorphine, but it would be just as effective as Diamorphine, because the two 
ester groups that have been added would be cleaved off in vivo, Morphine would be released, and have its 
normal effect. Therefore, if you make Diamorphine illegal, and you specifically say Diamorphine is illegal, 
Diamorphine is Diacetylmorphine, this chemical here just as effective, would not be covered by that 
legal definition. 

How can we deal with this issue? 

In principle, illegal chemical laboratories could modify drug molecules in very simple ways to avoid the law. 
Therefore, as long as these illegal laboratories stay ahead of the law, then these so-called designer drugs are 
perfectly legal. 

What are the solutions? 

One solution is to control specific compounds, as they become a problem. When the drug control agencies 
find these compounds on the street, then they can go back to the lawyers and the politicians, and have them 
made illegal. That of course takes time. You could control particular classes of compound. Therefore, instead of 
saying, a compound is illegal; you could say all compounds in this class are illegal. Therefore, in the case of 
Heroin, Diamorphine, all esters of Morphine were made illegal in most countries many years ago. 

1.5 Ban the Whole Class 

The danger of this is that in banning the whole class, you may actually be banning something in there that is 
useful. Therefore, as you saw, some countries make exceptions. The U.K., for instance, still allows Heroin in 
very specific situations. The other possibility is to pass law particular, specifically banning analogs. Therefore, 
you could pass a law saying this compound is illegal, and all its analogs are illegal. The difficulty then, is 
defining: What is an analog. In particular, you have to find a way to define analogs, which is understandable by 
the legal profession. 
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1.5.1 Dimethyltryptamine (DMT) 



Formula 42 : Dimethyltryptamine (DMT) 

What are understandable as an analog by a medicinal chemist and by a judge in a court may be completely 
different things; for instance, Dimethyltryptamine (DMT). It is a naturally occurring compound; in many 
countries, including the United States, it is illegal. 

1.5.2 Diethyltryptamine (DET) 



Formula 43 : Diethyltryptamine (DET) 

What about DET? Diethyltryptamine, it is a synthetic compound. It differs from DMT in the fact that it has 
two additional C-atoms on the substituents on the N-atom. Well, looking at the two structures here, I think any 
reasonable person would see they are very similar, and DET must indeed be an analog of DMT. Under the 
Federal Analog Act, DET would be just as illegal as DMT. 

1.5.3 a-Ethyltryptamine (AET) 



Formula 44 : a-Ethyltryptamine (AET) 

What about this one? AET, and you can see, it is very similar to DMT, but it is different, because the atoms 
around the N-atom are different. AET, a-ethyltryptamine, is a synthetic compound. As an analog of DMT, is it 
illegal in the eyes of the law? 

Well, DMT is specifically controlled. DET, even though it is an analog, is also specifically controlled. What 
about AET? Is that controlled because it is an analog? Probably any medicinal chemist looking at the structure 
would say, yes, AET is an analog of DET. However, when this went to district court, the court said no, the 
structure is too different in the eyes of the law, it is not an analog, and therefore, that case was dismissed. 

Now AET is specifically controlled. Therefore, modern synthetic chemistry has given us many compounds 
with remarkable properties, and we have benefited from them in terms of the pharmaceuticals now available to 
us. However, we pay the price, because it also gives an opportunity to the makers and sellers of these 
illegal drugs. 

1.6 Detection and Identification of Drugs 

If a sample of an illegal drug is seized in a raid or is discovered being smuggled at an airport, and the 
investigators find, for instance, a white powder, how do they detect and identify the illegal drugs? 

There can be done a number of chemical tests, and these are based on treating the unknown sample with 
chemical reagents, and looking for particular color changes. 

1.6.1 Detection 

For instance, the Marquis test gives a red-purple color for Heroin, and an orange-brown color for 
amphetamines, while the Scott test gives a blue color for cocaine. As we know from the lecture on identifying 
particular compounds, we really have to turn to chromatographic and spectroscopic methods to prove what 
these compounds are. 
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1.6.2 Identification 



For instance, we can use TLC, which we talked about in an earlier lecture, but we know that TLC is not 
very precise, and if it is used, it can only ever be a presumptive test. 

What we need to do is to use more sophisticated instrumentation, the chromatographic methods that we 
talked about earlier; for instance GC and HPLC. For identification of the compounds after the 
chromatographic separation, we would use IR, and particularly looking at the fingerprint region of the 
spectrum. The other technique for identification we can use is mass spectrometry. As you saw in that 
earlier lecture, we can combine mass spectrometry with GC, and do GC-MS. 

1.6.3 Detection and Identification in Body Fluids 

One of the ways that is used to detect and identify a drug in a body fluid, such as urine, is called 
immunoassay. This involves generating antibodies to the drug, and setting up the immunoassay in such a way 
that when the substrate, for instance, Cocaine or amphetamines or Morphine, binds to the antibodies, this 
chemically triggers a color change. That color change can be observed by the investigator quickly and simply. 
The immunoassay technique has come in for a certain amount of controversy, partly because of their very high 
sensitivity. Perhaps that sensitivity can be too high, and if not used properly, can give very misleading results, 
for instance, Morphine. 

There are immunoassays available for the detection of Morphine in urine. The assumption would be that if 
someone tests positive using this method, then it must be a Fieroin user. Flowever, it is not necessarily so. 
Morphine is produced by the plant Papaver Somniferum, and this is one of the poppy families. It turns out that 
almost all poppies produce Morphine, but all the other types of poppy produce it in very tiny amounts. 
Poppy seeds of course are used to flavor, for instance, bakery products such as a poppy seed bagel. Therefore, 
if somebody eats a poppy seed bagel, there will be trace amounts of Morphine in their system. Not sufficient to 
have any effect, but if the immunoassay test is not done properly, it can be sufficient to give a positive result. 
Therefore, someone may be condemned as a drug user, whereas, actually he just had a poppy seed bagel for 
breakfast. 

2 Summary 

If we sum up what we have learned in this lecture, there are three types of illegal drugs: 

Natural compounds, which are extracted directly from the organism that produces them, such as Morphine, 
Cocaine, and Cannabis. There are semi-synthetic compounds, which are obtained by chemical modification of 
those natural compounds; an example would be Fieroin. Then there are the purely synthetic compounds, which 
are made by chemical means, and an example would be Ketamine. All of these can be detected and determined 
using the techniques of spectroscopy and chromatography, which we learned about in our earlier lecture. 


- 139 - 







Toxicology 


CSI & Forensic Science 


1 Introduction 


The topic of this lecture is toxicology. Toxicology is the science of poisons and poisoning. Poisoning can 
happen for many reasons; it can be accidental, when somebody eats something that they should not eat. It can 
be environmental, when people are poisoned by chemicals present in the environment, such as the 
many people around the world who have to drink groundwater contaminated with As. It can be occupational, 
when workers who have to work with a particular toxic substance start to feel the effects, because they are 
protected not properly. It can also be deliberate. 

Poisoning for many centuries now has been used for both suicide and murder. The use of poisoning to 
commit murder goes back a very long way in human history; even up to say 100 years ago, it was still relatively 
common. Nowadays, it is much less common. We see fewer cases of poisoning, and the reason is very simple. 
In the old days, anyone could go into a drug store or a pharmacy and could buy, over the counter, the most 
horribly poisonous chemicals. Nowadays, these chemicals are very tightly controlled; therefore, it is much more 
difficult to obtain these awful substances nowadays than in the past. 


1.1 Corrosives 



Illustration 147 : GHS Symbol for Corrosives 


Before we move on to the classic poisons, there are other substances, which will cause damage to the 
human body in other ways. In particular, strong acids and strong alkalis are corrosive. From the GHS symbol, 
you can see very graphically the effect that they have on the human body. The best known and most often 
abused of these chemicals is concentrated Sulfuric acid (H 2 S0 4 ), also known under its old name of Vitriol. Even 
today, this stuff is quite readily available, because, of course, it is used in car batteries. There have been 
many cases from around the world of people using Sulfuric acid to attack. There have been cases, for instance, 
in Cambodia, in Bangladesh, in Pakistan. Recently, there where cases of it being thrown rather indiscriminately 
at markets in Hong Kong. 



Here is one case in Malaysia, where a man came home and attacked his wife and daughter with 
Sulfuric acid. Possibly the most celebrated case is the case of the Iranian lady, Ameneh Bahrami, and you can 
see from the picture here the drastic effects that Sulfuric acid can have on the human body, and this is what 
she looks like after multiple operations and extensive medical treatment. What happened in her case is that a 
young man proposed to her, she rejected him, and he got his revenge by attacking her with Sulfuric acid. 

1.2 Irritants 

Other chemicals can also be irritants. For instance, many salts of the elements Pb, Hg, or As, when they get 
into the gut they irritate the gut, and this causes nausea or diarrhea. This is an automatic reaction of the body 
to get rid of these substances. Therefore, in the gut these things can act as irritants. Of course, these 
chemicals, after they are absorbed from the gut into the body, can then have other effects, and we will talk 
about some of these later in the lecture. 
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1.3 Systemic Poisons 

Let us look at poison themselves, systemic poisons. Things that we normally consider poisons, they will 
typically attack particular biochemical systems within the body. That is, they will interfere with the 
molecular machinery that keeps us alive. For instance, one of the most famous of all poisons is cyanide. What 
cyanide will do is that when it gets into the cells, it will interfere with the action of the mitochondria. The 
mitochondria are those parts of the cell, which are involved with processing energy to keep us going. Therefore, 
it is essentially like taking a hammer to the cell's fusebox. 

CO interferes with the work of hemoglobin in our blood. A poison such as Strychnine, which used to be 
quite common, like many other poisons, it shuts down the nervous system. Morphine is a poison; we will talk 
about that more in our lecture on drugs. Atropine, another poison like Morphine and Strychnine, it is derived 
from a plant. Atropine also affects the nervous system, and we will talk about that later in this lecture. 
Strychnine, Morphine, and Atropine are purely natural compounds, but synthetic pesticides that are used by 
farmers, some of these are very toxic indeed. Later in the lecture, we will look at some of the synthetic 
nerve agents that have been used. 

1.4 Inorganic Poisons 

1.4.1 Cyanide 



Illustration 148 : Cassava Plant 

In the last part of the lecture, we will look at some inorganic poisons, such as the elements As, Sb, Hg, and 
Tl. At the beginning, I mentioned the very famous poison cyanide. Normally, cyanide is very difficult to obtain, 
but cyanide poisoning does still occur, and one of the reasons is this plant here. This plant is Cassava. The root 
of the Cassava plant is used as staple food by many millions of people around the world, particularly in Africa; 
and there is a problem. Because when the root of the Cassava plant is cut open, the plant will start to release 
cyanide. Now, normally what people do when they are preparing Cassava to eat, there is a procedure to 
process the root they have to go through. After that procedure then it is quite safe, the cyanide has been 
eliminated, but every year, there are a few cases of cyanide poisoning due to Cassava, and simply because they 
have not prepared the root properly. 

1.4.2 Carbon Monoxide 

Let us look at one of the poisons that I mentioned, and that is CO. CO poisoning remains quite common. 
Every year from around the world, there are cases of CO poisoning. Almost all of them are accidental; a few of 
them are deliberate. 



Illustration 149 : Oxygen bonded to Hemoglobin 
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Now, CO works as a poison by blocking Hemoglobin. Hemoglobin is the protein in our blood that is 
responsible for transporting 0 2 from the lungs, where it comes into our body, to the cells, where it is consumed 
as part of our metabolism. Hemoglobin is a complex protein; it contains four sub-units, and in each sub-unit, 
there is a Fe-atom, and it is the Fe-atom that does the work. When the Hemoglobin arrives in the blood vessels 
near the lungs, it picks up 0 2 , which has come in with the air we breathe, that 0 2 sticks to the Fe-atom, and 
then is transported through the bloodstream to where it is needed. If Fe can pick up a small molecule like 0 2 , it 
can also pick up a small molecule like CO. Therefore, if you breathe in some CO, some of your 
Hemoglobin molecules will pick up CO instead of 0 2 . That means that that Hemoglobin molecule is not available 
for transporting 0 2 . 

At any given time, a certain amount of your Hemoglobin is in this form, with CO bound to it. The CO binds 
strongly; therefore, the 0 2 cannot compete. The reason we always have a certain amount of Hemoglobin 
carrying CO in our blood is that there is always CO in the air. Whenever hydrocarbon fuels are burned, a 
small amount of CO will be produced. When someone drives a car, a little bit of CO is emitted, therefore, we 
are going to breathe it in. The amount of CO in ordinary air is too small to do us any harm. It is only when the 
amount of CO in the air gets above a certain level that we can get poisoning. 

Blood of course is red, it is red because of the Hemoglobin, but the color of the Hemoglobin depends on the 
small molecule that is bound to Fe. Of course, blood is red, because when 0 2 is bound to hemoglobin, it is a 
very bright red color. When CO is bound to hemoglobin, it is a slightly different color; it is a pinkish color. In 
fact, one of the signs that someone is suffering from CO poisoning is that they will look a bit pink. 

1.4.2.1 Sources of CO 


2 C 4 H 10 +13 0 2 -» 8 C0 2 + 5 H 2 0 

Formula 45 : Burning Butane in Sufficient Air 

Let us look specifically at the chemistry of CO poisoning. Let us consider the burning of Butane gas, and 
Butane is commonly used around the world as a gas for cooking. If you burn Butane in the presence of plenty 
of air, this is not a problem. 

2 C 4 H 10 +110 2 -> 4 C0 2 + 5 H 2 0 + 2 CO 

Formula 46 : Burning Butane in Insufficient Air 

Suppose that same gas is burned in a limited amount of air. In that case, we get CO. If you burn 
hydrocarbon fuels where there is a restricted amount of air, and there is improper ventilation, then the 
concentration of CO in that place can easily build up to toxic levels. This happens, for instance, if you have a 
room with a gas heater, and the flue of the gas heater was not properly maintained. CO will easily build up to 
lethal levels. 

Another way CO can build up is in a car. Suppose you have been driving your car for a long time, maybe you 
are a taxi driver. You have been driving your car all day, and you are tired; you want to take a nap. You pull 
over; you park somewhere. It is hot; therefore, you leave the engine running, because you like the 
air conditioning. You close your eyes, and you go to sleep. Perhaps this is an old vehicle; the exhaust pipe is a 
bit leaky. That means CO, as well as the other exhaust gases, can leak out of the exhaust system. Maybe the 
cab of the car is a bit leaky as well, which means that CO from the exhaust can seep into the cabin of the car. 
There have been cases of people takings naps in cars, engine running, and never waking up due to 
CO poisoning. 

Here is another example of CO poisoning, and this is a tragedy that killed five people a few years ago. This 
is a group of teenagers, who checked into this motel in Miami to have a party, but this is a rather unusual motel 
in that the rooms are up above, and below the room, there is a parking garage. There is a stairway leading 
from the garage up to the room. What these teenagers did was to park their car in the garage, and they 
decided to leave the car engine running. Apparently, this is because it was a rather old car, and they were 
worried that if they turned the engine off, they might not be able to start it anymore. They were found some 
time later. They were all in the room, and they were all dead. What had happened was that CO produced by 
the car engine had seeped up the stairs, into the room, and had tragically killed all of them. 

1.4.3 Carbon Dioxide 

CO's cousin is C0 2 , a molecule that many people have been talking about these last few years. C0 2 is 
much less toxic than CO. It does not bind to Hemoglobin in blood; therefore, it cannot do the same trick as CO. 
The principal danger with C0 2 is the danger of asphyxiation and that is, if you are in a place where so much 
C0 2 can be released that it simply replaces the air in that environment, and then there is no 0 2 around for 
people to breath. 
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The most tragic and dramatic incident of this in recent years was at a place called Lake Nyos. Lake Nyos is in 
Cameroon in West Africa, it is an old volcanic crater that has filled up with rainwater, and it has become a lake. 
However, the ground under the lake is still geologically active, and it is giving off C0 2 . C0 2 from underground is 
slowly seeping into the lake. The lower layer of the lake is cold water, and in fact, it has become 
super-saturated in C0 2 . The C0 2 cannot escape, because on top of the lower layer there is the top layer of 
warmer water, which is warmed by the sun, acting as a kind of lid. In addition, this situation is unstable, but for 
the C0 2 in the lower layer to be released, there has to be some event that disturbs the lake. It is believed that 
what happened is that at one side of the lake there was a landslide. Okay, rocks crashed down into the lake, 
which stirred up the lake, and then, rather like a Coca Cola bottle that has been shaken, the lid has been taken 
off, the C0 2 from the super saturated lower layer was released. Because C0 2 is denser than air, the C0 2 coming 
out of the lake flowed over the ground, spread down the valley, and approximately 1,700 people were 
asphyxiated by that Carbon dioxide. 

2 Deliberate and Accidental Poisoning 

2.1 Deliberate Poisoning 

2.1.1 Socrates 



Illustration 150 : Socrates 


Poisoning is very ancient. In the ancient world, poisoning was certainly very widespread. One of the 
most famous of all poisonings is the death of the Greek philosopher Socrates, in 399 B.C. Socrates had been 
convicted of various crimes including corrupting the youth of the city of Athens. In those days, corrupting the 
youth did not mean what we might think it means today. What Socrates had actually done was encourage the 
youth of Athens to think, and that was considered a very bad thing then. 



Illustration 151: Hemlock Plant 
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Socrates, for these so-called crimes, was sentenced to death, and the means of execution was drinking 
poison. What the poison he drank was the extract of a plant called Hemlock, and hemlock contains various 
different alkaloids. 



Formula 47 : Coniine 

One of the major ones is Coniine. We know that Socrates was poisoned by Hemlock, because he was 
allowed to have some of his friends around during the execution. One of these, Plato, wrote down exactly what 
happened, and from the symptoms, we could deduce that it was Hemlock. After drinking the poison, Socrates 
experienced numbness, starting with his feet, moving slowly up the body as the alkaloids in the Hemlock 
paralyzed him. Of course, when that paralysis reached his heart and lungs, then he died. Nowadays, we treat 
our philosophers a little bit better than this. 

2.1.2 Augustus 



Illustration 152 : Augustus 

Another famous historical poisoning, at least according to the stories that are told, is that of the first 
Roman Emperor, Augustus Caesar in 14 A.D. What we are told is that Augustus was poisoned by his wife, the 
Empress Livia. According to the stories, Augustus suspected his wife. He thought that she, or someone else, 
was very likely to poison him. Therefore, he started to refuse to eat any food that was prepared for him. 



Illustration 153 : Figs of Ficus Carica 

In fact, he refused to eat anything except the figs that he picked with his own hands from his own personal 
fig tree. According to the stories, Livia was too clever for him, and what she did was to take the poison and 
inject it into the figs growing on the tree, therefore, that he would pick them and eat them. That is 
ancient poisoning, but some things do not change. 
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2.1.3 Lakhvinder Cheema 

This is a rather tragic tale from just a few years ago concerning an unfortunate man, Lakhvinder Cheema, 
who lived in London. He had had a long relationship with Lakhvir Singh, but then their relationship had ended, 
and he found himself a new fiancee who he was going to marry. Well, Lakhvinder Cheema and his fiancee had 
dinner one night. They were eating some leftover curry from the refrigerator, and soon after, they both became 
extremely ill. Therefore, he called the emergency services, and he tried to tell the emergency services that he 
had been poisoned, but as I said, poisoning is not very common nowadays. 

At first, the person answering thought that he was saying he had food poisoning, but no, he explained, he 
thought somebody had poisoned him. The emergency responder asked who would want to do a thing like that? 
He said, his ex-girlfriend, and then they understood. Therefore, the ambulance was sent to take him to the 
hospital, but it was too late, and he died soon after. His fiancee was very ill, but she survived. The reason, it 
appears that she survived is that she only had had one helping of the curry, whereas he had had two. Well 
ultimately, the ex-girlfriend, Lakhvir Singh, was convicted of this crime, and sentenced to spend a minimum of 
23 years in prison. 

How had she done this poisoning? How did she have such a potent poison to kill him just with 
one meal of curry? 



Illustration 154 : Aconitum Ferox 

The answer is this plant here, Aconitum Ferox. This plant is native to the Himalayas, and it has been used 
for centuries as a poison in India. Lakhvir Singh had travelled to Northern India, travelled to the Himalayas to 
collect this plant, and she brought it back with her. She had gone into Cheema's house, she had been seen 
putting something in his refrigerator, and it is assumed that what she had done was put this plant in the curry. 
Indeed, traces of the plant could be found in her clothes and in her handbag, leading to her conviction. 



Formula 48 : Pseudaconitine 

The reason this plant is so toxic is that it contains this very complex alkaloid here, called Pseudaconitine, and 
this is another of some alkaloids that will shut down the nervous system. Like many alkaloids, even though it 
can shut down the nervous system, it cannot penetrate the brain, therefore, the horrible thing about this kind 
of poisoning, as happened to Lakhvinder Cheema, is that even though the body is shutting down, the brain is 
still working. The person is completely aware that they are dying, but there is, of course, nothing they can do 
about it. Well, there is a moral to be drawn from this tale. As the poet William Congreve said, 'Hell hath no fury 
like a women scorned.' If there are any young men watching this lecture, the lesson to you is to treat the 
women right, otherwise your curry may be a lot spicier than you expect. 
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2.2 Accidental poisoning 

2.2.1 Meadow Saffron 



Illustration 155 : Blooming Wild Garlic 


Plants can also be a cause of accidental poisoning. It does not have to be deliberate. Here for instance, is 
wild garlic, and this is a good stuff. It has a wonderful garlic flavor. I read a report of a man in Croatia who 
used to go out into the woods and collect wild garlic leaves, because he liked to put them in his salads. 



Illustration 156 : Meadow Saffron 

If you are going to do that, you have to know your botany, because this person also collected some of a 
plant called Meadow saffron by mistake. Meadow saffron is very toxic, and it led to his death. 



Formula 49 : Colchicine 

It is toxic, because it contains this compound, Colchicine. Colchicine is an interesting compound, because it is 
actually used as an anti-cancer compound. It will kill cancer cells, and it can be used to help cure this disease, 
provided it is used in the right dose. However, this man's salad had obviously contained an overdose of 
Colchicine, leading to his death. 
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2.2.2 Potato Plant 



Illustration 157 : Potato Fruit 

Some other very common plants are also toxic, for instance, the potato plant. Pretty much all of us eat potato 
quite a lot, and we do not think of potato as a source of poison. Well, the reason is that the only part of the 
potato we eat, typically, is the tuber, which is perfectly harmless, but the fruit of the potato plant, which looks a 
little bit like a green tomato, is toxic. 


o 



0 



Formula 50 : Oxalic Acid 

It contains a chemical called oxalic acid. It is not very toxic, it is unlikely that potato fruits would kill an adult, 
but they could have serious effects, for instance, on a child. 


Illustration 158 : Rhubarb 

Another plant that contains oxalic acid is Rhubarb. Rhubarb is eaten quite widely around the world. It is also a 
part of traditional Chinese medicine. However, when we eat Rhubarb, we are always careful to eat only the 
stems, the nice bright red stems. The leaves contain oxalic acid; therefore, if you eat rhubarb leaves, you can 
become really quite ill. 

3 Toxins & Biological Poisons 
3.1 Toxins 

There is a certain group of compounds, which I will refer to as toxins, and this is a special group of poisons. 
These are natural substances, which are produced by living species. Like the poisons that we have already 
discussed, they will also attack important biochemical mechanisms. 
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Illustration 159 : Irukandji (Box Jellyfish) 

One example is the poisons produced by jellyfish such as this creature here, the Irukandji. This is one of the 
most poisonous of all jellyfish, and is one of the reasons why it is dangerous to go swimming in the waters of 
Queensland at certain times of the year. 



Illustration 160 : Black Widow Spider 

Spiders are also famous for being poisonous. Here is one of the most famous, which is the Black widow 
spider. 



Illustration 161: Fugu Fish 

Here is a poisonous fish. This is the Fugu fish, and there is somewhere 20 to more than 40 cases of 
Fugu fish poisoning per year. Now, the Fugu fish is quite interesting as a source of poison, because it typically 
only poisons Japanese people. This is because this fish is considered a delicacy in Japan. 

Why there are not more fugu poisonings? 



Formula 51: Tetrodotoxin 

The reason is that the poison, which is a chemical called Tetrodotoxin, is concentrated in the fish's 
internal organs. The amount of Tetrodotoxin in the actual meat of the fish is very little indeed. Therefore, 
Fugu fish chefs go through extensive training on how to remove all of these highly toxic internal organs 
carefully, and those parts are then locked in a special box. The poisonings that do happen typically come from 
amateur Fugu fish chefs. Tetrodotoxin is extremely poisonous, but most of the people who get poisoning in this 
way do not actually get a lethal dose. The fatality rate is only a few percent, fortunately. 
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Illustration 162 : Taipan 

If we are talking about poisonous creatures, probably the most famous are the snakes. Many snakes from all 
around the world are poisonous. One of the most famous stories concerning poisoning by the snake concerns 
the Egyptian queen, Cleopatra. She had been seriously playing politics in the Roman Empire, had a torrid affair 
with the Roman dictator, Julius Caesar, even providing him with a son. After Caesar's assassination, she linked 
herself up with Mark Antony. Unfortunately, Mark Antony lost the subsequent Roman Civil War, and Cleopatra, 
like him, was on the losing side. 

So what is she going to do? 

She is in her palace; the troops of Augustus Caesar are marching towards the palace to catch her. Now, in 
Roman culture, if someone had gone into politics and lost then, the honorable thing to do would be to commit 
suicide, and go and meet the gods. Therefore, Cleopatra was going to do this, but, she thought, according to 
the legend, that if she was going to meet her ancestors and to meet her gods, she wanted to look nice. What 
she did was to get her servants to try out different means of suicide, therefore, that she could pick the 
best one, and the one she chose was to be bitten by a poisonous snake. 



Illustration 163 : Asp 

In particular, according to the legend, it was this snake, the Asp. When the Roman soldiers got to her 
palace, Cleopatra was already dead. 


3.2 Biological Poisons 



Illustration 164 : Clostridium Botulinum 

Microorganisms also produce toxins. This, for instance, is the organism that is responsible for Botulism. It 
produces one of the most toxic substances on the planet. Now, ironically, people will pay very large amounts of 
money to have this highly toxic substance deliberately injected into their head. This is the so-called 
Botox treatment. 
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Why people will actually pay to have this stuff injected into their head, and it does not do them 
any harm? 

What Botox does is to paralyze the muscles, but because it is localized only in the area where the injection is 
given, and it is not carried through to the rest of the body, it only paralyses that particular region, and does not 
actually paralyze any vital muscles. 



Illustration 165 : Bacillus Anthracis 


Another extremely nasty organism is this one, which is responsible for the disease Anthrax. Even in the 
second World War, Anthrax was recognized as a potential weapon. Though it was not used in that conflict, 
weaponized Anthrax has been available to certain people ever since. Therefore, the most famous outbreak of 
Anthrax poisoning was during the 9/11 crisis. At the same time that the World Trade Centre in New York City 
was destroyed by airliners, various people in the U.S., including members of the U.S. Senate, were receiving 
letters. When they opened these letters, white powder would come out. Several people died, because that 
white powder was Anthrax. After a long investigation, suspicion turned to a man called Bruce Ivins, who was a 
U.S. Army microbiologist, and in his lab, he had this kind of Anthrax. This investigation never came to a 
complete conclusion, because as the investigators closed in, Bruce Ivins committed suicide. 

4 LDso 

We have been talking about poisons, but we have not actually defined a poison. Therefore, let us give a 
definition of a poison. We can say a poison is 'any substance which, if taken into or formed in the body, 
destroys life or impairs health/That is quite a straightforward definition of a poison. 



Illustration 166 : Philippus Aureolus Theophrastus von Hohenheim 

Now, we consider that the first toxicologist, the founder of toxicologists, was this man here, 
Philippus Aureolus Theophrastus von Hohenheim, who lived in the first half of the 16 th century. That is quite a 
mouthful of a name; therefore, typically he went by the pseudonym Paracelsus. Paracelsus was the first person 
to think really scientifically about poisoning. Paracelsus was also a medicinal chemist, and he realized that 
many substances that are poisonous could also be medicines. In particular, he was very fond of using Hg, and 
he made a very good point. He said, 'All substances are poisons, there is none which is not a poison.' However, 
he pointed out that it is 'the right dose that differentiates a poison from a remedy,' and he was absolutely right. 

4.1.1 Lethal Water 

All substances are poisons, even a substance as common as water. Poisoning by water is not common, but 
every so often, there is a case. The thing is that to be poisoned by water, you need to drink a lot. About 7 I is 
probably the lethal dose for water. 
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A few years ago, a California radio station, KDND in Sacramento, decided to have a competition. The title of 
this competition was 'Hold your Wee for a Wii.' The idea was to see how much water people could drink without 
going to the bathroom, and whoever could drink the most would win one of these game stations. 
Jennifer Strange really wanted to win one of these things to give to her children, therefore, she took part in this 
contest, and she probably drank about 7.5 I of water. Then, after the contest, she drove home. She apparently 
did not feel well. She went to bed, and later she was found dead. Well, this was the United States. Quite rightly, 
her family sued the radio station, and they were awarded compensation to the tune of $ 16,000,000. 

What is interesting is that Jennifer Strange did not win the contest; she came second. The winner of the 
contest was a woman called Lucy Davidson, and she survived. In addition, she said this: T did not know what 
was wrong with me; I just knew I had never felt so sick in my life/ There you go, all substances are poisonous, 
including water. 

4.1.2 Foxgloves 



Illustration 167 : Foxgloves 

Here is another example. This is a wild plant that grows in Europe, it grows in the woods, people grow it in 
their gardens, it is very common, and it looks very nice. It has called the Foxglove, and it is poisonous. It 
contains a chemical called Digitalin, which is a potent heart stimulant. If you eat too much of Foxglove, your 
heart will be over-stimulated, and you will die. 



Formula 52 : Digitalin 

However, this same chemical, which is contained in the Foxglove, is in clinical use. If someone's heart is 
failing, they will be given a controlled dose of Digitalin, their heart will beat properly, and their life can be 
saved. Therefore, just as Paracelsus said, the difference is the dose. 

4.2 Dose-Response 
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Illustration 168 : Dose-Response Curves (Example) 
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Nowadays we talk about dose-response curves. Therefore, if we have a particular substance in a low dose, 
there is no response, the body can handle it, there is no effect. If the dose is increased, then we start to get 
mild toxicity, some illness. Further increase, we will get severe toxicity, where the person is very ill and 
suffering. Then above a certain dose, of course, this will lead to death. This is a typical kind of dose-response 
curve. Of course, the steepness of the curve, how soon it leads to death, is going to be very variable depending 
on the chemical. You would need 7 I of water at least, in order to kill somebody, but for some chemicals, you 
may only need mg amounts. 

4.3 Measuring Toxicity: LD 50 

How do we measure toxicity? The number we use is called the LD 50 . This is the lethal dose for 50 %. It is 
the amount of chemical that has to be administered to kill V 2 the population of a given set of test animals. 
Suppose we have a group of mice, and we dose them with this poison until V 2 of them drop dead, and then we 
have found the LD 50 . 

4.3.1 How accurate is LD 50 ? 

The answer is, not very. For a start, LD 50 will vary according to how you administer the poison. Orally 
administered poison versus an injection straight into the bloodstream is going to be different. Further, the LD 50 
is going to depend on the species you use for the test. Typically, this is done on animals like mices or rats, then 
we take those LD 50 values for those creatures, and we assume that the LD 50 for human beings is going to be 
something like that. 

However, it is not necessarily so. Take the case of chocolate. Most people are well aware that chocolate is 
poisonous to dogs. You should not give chocolate to your pet dog, because it is going to make him ill. Yet, 
consider human beings. I know some human beings for who chocolate is actually an essential nutrient. 
Therefore, quoted LD 50 values are not scientifically firm and precise, they are a guideline, but it is the best we 
got. 

4.4 Lethal Doses 


Types of Poison 

Lethal Dose (^ 9 / kg ), 
Mice 

Sodium cyanide 

10,000 

Curare / strychnine 

500 

Tetrodotoxin 

8-20 

Cobra neurotoxin 

0.3 

Tetanus toxin 

0.07 

Botulism toxin 

0.03 


Table 4 : Lethal Doses 


Here are some typical LD 50 for a range of poisons going from Sodium cyanide right through to the 
Botulism toxin. The unit in which LD 50 is quoted is typically in mg / kg , or here, ^ g / kg , and that is because we must 
always measure the dose per unit body weight. Obviously, if you are testing it in mice, mice are very small, 
much smaller than a human being is. Therefore, you need a tinier dose for a mouse than for a human, just 
because of the difference in size. Therefore, LD 50 are always quoted per unit body weight. 

4.5 Factors affecting LD 50 

Size affects how much poison is lethal. Age also has an effect. Small children are easier to poison than 
adults are, simply because their metabolism is not fully developed. Older people are also easier to poison, 
because metabolism changes with age. The state of someone's health also has an effect, in particular, the 
condition of someone's liver. Someone with liver disease is going to be more susceptible, and we will see why 
that is in a moment. History is important, and this is because the body can develop tolerance to certain poisons, 
and we will see an example of this later when we talk about arsenic. 

Another example would be, for instance, a Heroin addict. Suppose you have someone who is injecting 
Heroin habitually. In order to get the same high, they typically have to keep increasing the dose they inject. 
Now, Heroin is very toxic, but as they gradually build up the dose, they are taking, their body builds up a 
tolerance of Heroin, and therefore, they can inject a dose of the stuff that would kill a normal person. 

Suppose that Heroin addict is then arrested and goes to prison, spends some time in prison where he does 
not have any access to Heroin, and then he comes out of prison the first thing he does is give himself a dose of 
Heroin. While he has not been exposed to the stuff in prison, he could well have lost his tolerance. When he 
comes out, gives himself his normal dose, it kills him, because his tolerance is gone. 
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In addition, the human body is a very complex thing, and we sometimes see what are called paradoxical 
reactions. This is where the body reacts to a substance, which is actually not considered poisonous, but it leads 
to their death. An example is the anti-malarial medicine Lariam. If you go to a part of the world where malaria 
is endemic, then typically your doctor will advise you to take a substance such as Lariam, just in case you are 
bitten by one of the parasite-carrying mosquitoes. 

However, Lariam is well known that it can cause side effects. In some people there are no side effects, I 
never got any side effects when I took Lariam, but it is well known that some people go into depression caused 
by Lariam, and sometimes that depression can be extremely bad. Here is a case, a student called 
Vanessa Brunt, very smart, had a place in a good university all lined up, but she took a year off, and she went 
to South China to teach English. She went to a part of South China where malaria is endemic, and therefore, 
following advice, she took Lariam, and it caused an extreme depression, which led to her suicide. Therefore, if 
you are travelling to one of these places, then you have to balance out the risks. What is the risk of getting 
malaria versus the risk of a paradoxical reaction? 

5 Forensic Toxicology 

Paracelsus did not say the last word on toxicology, and there are some things that he did not say. For 
instance, when a poison enters the body it does not just have to enter the body, it has to reach the 
target organ. It has to be absorbed into the body, and then it has to build up into the target organ to a 
lethal level. At the same time, the body will be trying to excrete that chemical to get it out. Therefore, it is not 
as simple as Paracelsus was saying. 

5.1 Mercury (Hg) 



Illustration 169 : Hg, Liquid at Room Temperature 

Let us take an example from the element Hg. There are many ways you can conceive of Hg getting into a 
human body. Hg is a liquid, therefore, one way you could swallow liquid metallic Hg, and it really will not do 
you much harm. In the old days, medical thermometers were contained Hg in glass, and, of course, if you went 
to the doctor, and you said you had a fever, the doctor would give you a thermometer and say 'put this under 
your tongue'. Every year there were cases of people who bit a little bit too hard on the thermometer, broke it 
open, and swallowed the Hg. Did not really do them any harm, and the reason is that Hg really does not get 
absorbed when it is in its liquid metal state. 

It is a very strange liquid, because it is not a wet liquid, and it does not absorb into the body. You could also 
think that, as Hg is a liquid, you could put it into a syringe, and you could inject it into someone's bloodstream. 
Now, this is not good. Okay, it is not good for your health to do this, but even if you inject what should be a 
lethal amount of Hg, it will not kill you, because, again, the metallic Hg is not going to be absorbed. 

What about compounds of Hg? 

Mercurous chloride (Calomel, HgCI) is poisonous. You could eat it, and this will cause poisoning. However, 
even more poisonous is Mercuric chloride (HgCI 2 ). This is much more toxic even for the same amount of Hg and 
the reason is that HgCI 2 is much more soluble in water than HgCI, and therefore, it is absorbed by the body 
much more rapidly and will reach high concentrations inside the body much faster. 

What about Hg vapor? 



Illustration 170 : King Charles II 


- 154- 







CSI & Forensic Science 


If you take Hg and you heat it, you boil it, there is going to be Hg vapor in the atmosphere, and this is going 
to be absorbed very rapidly, because if you breathe in Hg vapor into your lungs, it will go straight into the 
bloodstream. This is why there is a picture of King Charles II of England on the illustration. King Charles II had 
many hobbies. He was very fond of horseracing; he was very fond of actresses, but he was also interested in 
chemistry, and apparently, he had his own chemistry laboratory in the palace. One theory about his death, 
which happened quite suddenly, was that maybe he had an accident in the laboratory while distilling Hg, and he 
breathed in Hg vapor, and this is what poisoned him. 

5.2 Route of Administration 


The route of administration of a particular poison is very effective. As we have said, to be effective the 
poison must get into the target organ, and there are various different routes of administration that we can 
consider. One is oral administration, and this is where the poison goes in through the mouth, and down into the 
stomach, and then it will be absorbed into the body from the digestive tract. Intravenous administration is 
possible, and this is where the poison is directly injected into the person's bloodstream. Okay, this method of 
poisoning is typically fast and efficient, and this is the one that is used in those U.S. states where they still have 
the death penalty. 


Poisoning can also occur by inhalation. If the poison is in a gas or vapor form, it is breathed into the lungs, 
and then into the bloodstream. Poisons can also be absorbed through the mucus membranes, for instance, the 
lining of the nose. Inside there is a mucus membrane and poisons can be absorbed through those membranes, 
again very fast and very efficient. 
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Here we have the human body, his digestive system, and the lungs. Stuff - food, drink, air - comes in 
through the nose and mouth, and then the gases go down into the lungs, where they can be absorbed into the 
bloodstream. Food and drink then goes down into the stomach and into the intestines for processing and 
absorption. 


All those things coming into the body, things like fats, proteins, and minerals will be absorbed by the body, 
other materials may be absorbed with them, and all the waste products will be expelled from the body. Now, 
you will notice in the centre of this diagram is the liver, and the liver is very important to toxicology. The liver is 
a huge chemical processing plant in the centre of the body, and it is used by the body for detox. You do not 
need to go and pay someone money to detox you, because your liver is doing it to you all the time. One of the 
things the liver will try to do, is any substance that it does not think should be there, any substance it does not 
like, it will chemically transform, and then try to get it removed. 
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Now, let us consider food. What happens to your food? In particular, the proteins in your food. Once the 
food gets into the stomach, chemical action in the stomach will start to break the proteins down into 
smaller molecules called peptides. Further down in the intestines, those peptides will be broken down into the 
constituent amino acids, which then will be absorbed and be used by your body to build himself up. Similarly, 
sugars, saccharides, they will be broken down to simpler sugars, which will then be absorbed, and your body 
will use them as fuel. 
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5.2.1 Snake Venom 

Earlier we mentioned snake venom. Snake venom is typically complex peptides. Snakes, through their fangs, 
directly inject their venom into the bloodstream. However, what if you were to drink snake venom? 

I have on good authority, this is from one of the scientists at the Red Cross snake farm in Bangkok that it is 
relatively safe to drink snake venom, and that is because it is a peptide. When it goes down into the 
digestive system, the same enzymes that will break up the peptides in your food to amino acids will also act on 
the snake venom; therefore, it will be simply converted to its harmless amino acid constituents. The man said; 
do not try this, because if you have any cuts or lacerations, for instance inside your throat, then the 
snake venom can be absorbed directly into the body, avoiding the digestive system, and then you are going to 
be in trouble. Please, do not try that at home. 



Now after digestion, all these molecules will go into the bloodstream. Moreover, where do they go next? If 
we look at the way, the blood circulates in the body, the blood that goes past the intestines, where the 
absorption takes place, then flows to the liver. As I have said, the liver is your detox factory; therefore, the liver 
will try to deal with any toxic molecules before they go to the rest of the body. Only things that get past the 
liver, which then go to the rest of the body. Therefore, the blood will flow back to the heart, and then through 
the arteries to all parts of the body. 



Now we can see why inhalation of poisons through the lungs is so effective, because blood that flows past 
the lungs does not go directly to the liver. Blood that flows past the lungs can go to the whole body. There is 
one more defense mechanism that the body has, and that is the blood-brain barrier. The blood-brain barrier is a 
membrane around the brain, and this will exclude many molecules that may be in the blood from going into the 
brain. Therefore, if you refer back to the case of Lakhvinder Cheema, that complex toxic molecule from the 
curry was paralyzing his whole body, but it was not paralyzing his brain. That is because the blood-brain barrier 
was physically keeping that molecule out of his brain. 

5.3 Xenobiotics 

Xenobiotics, literally these are molecules that are strange, and we use this term to refer to molecules, which 
are not naturally present in the body. These molecules may be ones that we are deliberately adding to our 
body, such as pharmaceuticals. They may be illegal drugs, they may be natural substances, such as Nicotine or 
Caffeine, which we are deliberately imbibing, but do not naturally exist in the body. Alternatively, they maybe 
other substances, such as Ethanol. 
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When your body detects that these substances are coming in, it will seek to deal with them in one way or 
another. It may accumulate them in particular parts of the body, for instance, elements such as Pb or Sr tend to 
accumulate in the bone structure. Elements such as As or Tl, the body will try to excrete. One way it gets them 
out of the body itself, for instance, is by depositing them in the hair and also the fingernails, where they cannot 
do any harm. For organic molecules, what your body will typically do, and this is done by the liver, is to 
transform them into other compounds. In particular, it will try to transform them into compounds that are 
more soluble in water, which are, therefore, more easily extractable, for instance, by the kidneys. 

5.3.1 Caffeine 



Formula 53 : Caffeine 

Let us take one of these molecules; Caffeine, which most people take every day. When you ingest some 
Caffeine, through coffee or tea or some energy drink, it goes into your bloodstream. It stimulates your brain, 
which is why you take it, but your liver is trying to get rid of the stuff, and she transforms it. 



Formula 54 : Demethylated Caffeine 

The Caffeine molecule has these three methyl groups on those three of the N-atoms, the liver chops those 
off one by one to make this more soluble compound, and that is excreted. This is why, if you have a cup of 
coffee, after a few hours you start to feel sleepy again. It is because your liver has got rid of all the Caffeine, 
and it is time for another dose. 

6 Alcohol 

Alcohol deserves a special section all to itself and this is because of all the molecules, all the poisons that 
have to be dealt with by forensic scientists, by far; it is Alcohol that generates the most work. The Alcohol is an 
interesting and controversial molecule. For some societies, for some cultures, Alcohol is an essential lubricant 
that keeps the wheels turning. Yet, in other cultures, it is an evil molecule, which is reviled, and must never be 
consumed. 



Illustration 171: Gin Lane, 1751 Art Print by William Hogarth 

This is a famous picture. This is a picture entitled Gin Lane, which was produced by the 18 th century artist 
Flogarth, and it has intended to show the evils of Alcohol. More specifically, it shows the evils of the very strong 
spirit Gin, because at that time in England Gin consumption was enormous. Flogarth actually was not opposed 
to Alcohol itself, he just felt that consumption of Gin was very harmful, and this picture is one of a pair, the 
other picture is called Beer Street. Beer contains much less Alcohol, and therefore, is much less damaging than 
Gin, and Flogarth and his friends wanted to encourage people to switch from one to the other. 
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6.1 Distribution of Alcohol 

What happens when someone drinks Alcohol? 

Of course, the liquid goes down into the stomach. Some of it is absorbed by the stomach, and the bulk of it 
is absorbed in the small intestine. It is absorbed very fast. It will appear in the blood almost immediately, and it 
will be almost completely absorbed into the body within 1 h. There is some variation of the rate of absorption, 
depending on the kind of the drink and what the stomach contents are, but it is not a particularly big difference. 
Once absorbed into the blood, Alcohol will be distributed throughout the body by the cardiovascular system, 
and it will of course penetrate into the brain, the blood-brain barrier does not stop it. 

6.2 Effect of Alcohol 

The effect of Alcohol is actually to depress the central nervous system. Now, this seems a bit illogical, 
because normally when people drink some Alcohol they do not seem to be depressed. This is because it is not 
depressing the person; it is depressing the nervous system. Part of that depression of the nervous system is the 
depression of inhibition, therefore, that makes people feel happier, but it does not just depress inhibitions. It 
depresses the ability to make judgments, it depresses the ability to react to situations, and it depresses 
reflex times. This is why Alcohol, when combined with machinery, such as motor vehicles, can be a very 
dangerous combination. Because of this danger, pretty much all countries around the world limit the amount of 
Alcohol that can be present in a person's body while they are driving a motor vehicle. 

How much is too much? 

What concentration of Alcohol is there going to be in the blood after someone takes a drink? Because you do 
not know what is in your blood, all you know is what was in the glass in front of you. We can calculate the likely 
blood Alcohol concentrations from the amount of Alcohol taken in. 

a 

c =- 

p* r 

r = 0.68 for men 
r = 0.55 for women 

Equation 3 : Maximum Concentration of Blood Alcohol 

Suppose someone drinks something that contains a certain amount of Alcohol. Let us say the amount of 
Alcohol in g is a. This amount of Alcohol is then going to be distributed over the person's body. Divide by the 
person's weight in kg, which is p. However, as we shall see, Alcohol is not distributed uniformly. Therefore, we 
have to allow for the fact that it is only spread over a certain proportion of the body, and therefore, we have to 
put in a fudge factor. This factor is called the Widmark factor, and there are different Widmark factors for men 
and women. Therefore, r f the Widmark factor, is 0.68 for men, and 0.55 for women, and this is because 
Widmark considered that women's bodies have a higher proportion of fatty tissue than men's body, and that is 
a scientific and not a personal comment. 

Scenario 

When we use this equation, we can calculate the maximum concentration of blood alcohol. Let us see how 
this works. Suppose you have a 70 kg man who drinks a double whiskey. How high is his blood alcohol 
concentration going to be after this? If whiskey is about 43 % Alcohol, and a single is 25 cm 3 , taking into 

account that the density of Alcohol is 0.79 v ,, then we can calculate that he has ingested 17 g of Alcohol. 

/ cm 

17 

C " 70*0.68 

c-36 m &/ 

C J0 /100/7?/ Blood 

Alcohol concentration is usually expressed as m ^QQ m / °f blood. 
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What is the effect of Alcohol on the brain? 


Blood Alcohol cone. 

f m s/ 1 

^ /lOOml) 

Effects 

< 50 

No obvious effect 

50 - 100 

Loss of coordination and sensory perception, some slurred speech 

100 - 150 

Marked loss of coordination, poor sensory perception, possibly nausea 

150- 200 

Drunkenness, nausea, inability to stand, vomiting 

200 - 300 

Probably coma 

> 300 

Coma and anesthesia, impaired circulation and respiration, possible death 

> 450 

Probably death due to respiratory paralysis 


Table 5 : Effects of Blood Alcohol Concentrations 


6.3 Elimination of Alcohol 



Formula 55 : Human Alcohol-Dehydrogenase (Structure) 

Alcohol has always been there in nature. For instance, the fermentation of fruits, which can occur naturally, 
means that Alcohol has always been there as humanity has evolved. Therefore, our body has a 
biochemical mechanism for eliminating Alcohol. In particular, there is an enzyme called Alcohol-dehydrogenase 
present in the liver and the small intestine. This enzyme will convert Ethanol into a higher oxidation state 
molecule, which is Acetaldehyde. 



Formula 56 : Aldehyde-Dehydrogenase (Structure) 

Acetaldehyde is also toxic, therefore, we have a second enzyme called aldehyde-dehydrogenase, which will 
further oxidize that acetaldehyde to Acetic acid, and that is naturally present as part of our metabolism, our 
body can burn up Acetic acid, and it will end up as C0 2 , and be exhaled from the lungs. 

Almost all Alcohol that is taken into the body will end up as C0 2 . A very small amount will be lost through 
the kidneys or breathed out through the lungs in the form of Alcohol, the unchanged Ethanol molecule. When 
you smell Alcohol on someone's breath, it is that small percentage that is not burned up by the enzymes. 

6.4 Distribution of Alcohol 

When the Alcohol is in the body, it is pretty uniformly distributed over all parts of the body where there is a 
lot of water. The parts of the body where there is not much water do not get Alcohol, that is, the bones, the 
fat, and the hair, and this is the reason why we have the Widmark factor. There is a little difference between 
arterial and venous blood during the absorption phase, and that is simply because the Alcohol has not been 
completely distributed yet. In order to know how much Alcohol is in someone's body, we can measure the 
amount of Alcohol in any body fluid. 
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Typically, blood alcohol is measured, and we can assume that whatever level of Alcohol is in the blood, it will 
be the same level inside the brain. To measure blood alcohol, a blood sample has to be taken, and then this 
can be analyzed by a technique such as gas chromatography, which we discussed in an earlier lecture. To 
measure someone's blood alcohol level, this has to be done by a medically trained person. It has to be done in 
a proper place, but if a motorist is pulled over by the traffic police, because he is driving erratically, how can the 
traffic police determine whether this person has drunk too much Alcohol? 

The technique used is to measure the level of Alcohol in the breath. Of course, if there is a traffic accident, 
and someone's dead, then you can choose, as said, any of the body fluids you like. If the traffic police can 
measure the breath alcohol, how can we relate this to the blood alcohol, which is actually the important factor? 

6.5 Henry's Law 


2300:1 Ratio 

Equation 4 : Henry's Law 

The two are closely linked, and they are closely linked because of Henry's Law. Henry's Law says that if you 
have a solution of something, a solution of a volatile substance in a liquid, then the vapor pressure, that is the 
amount of that volatile substance in the vapor phase above the liquid, will be proportional to it is concentration 
in the liquid. 

If someone has a lot of Alcohol in his blood, then there is going to be a lot of Alcohol in his or her breath. If 
they only have a little Alcohol in their blood, there will only be a little Alcohol in their breath, and these are 
strictly proportional. That ratio is typically taken as 2300 : 1. Therefore, you can measure the breath alcohol, 
multiply it, and then you have the blood alcohol level. 

Breath alcohol can be very easily measured at the roadside using some kind of breathalyzer devices. 
Typically, these breathalyzer devices rely on a little bit of Chromium chemistry. Potassium dichromate is a 
very nice bright orange crystalline substance, but if you take Potassium dichromate, you have some acid 
present, and then you add Alcohol, the color would change. 

K 2 Cr 2 0 7 + 8 H 2 S0 4 + 3 C 2 H 5 0H -> 2 Cr 2 (S0 4 ) 3 + 3 CH 3 COOH + 2 K 2 S0 4 +11H 2 0 

Formula 57 : Reduction of Chromium Dichromate with Ethanol 

The suspect motorist breathes into the device, the Alcohol in his breath will react with the 
Potassium dichromate, and Cr is reduced, and ends up as Chromium sulfate, whereas the Ethanol is oxidized 
with the Acidic acid. Chromium sulfate is green; it is a quite different color to Potassium dichromate. We can 
simply measure the amount of Potassium dichromate that is converted to Chromium sulfate by measuring the 
loss of absorbance at 420 nm. 

6.6 Blood Alcohol Curve 

It is not always as simple as just measuring the breath or blood alcohol levels. Suppose there has been an 
accident, one of the cars involved in the accident drives off, and the driver is not apprehended until some hours 
later. You are not interested in the amount of blood Alcohol the person has at the time he is arrested. What you 
really want to know is, how much Alcohol was in his blood when the accident happened? 

As we know, the body is working hard to eliminate Alcohol from the blood. What we need to do is to be able 
to calculate how much blood alcohol somebody had in the past, a certain number of hours after it is actually 
measured. 

Suppose someone takes a drink at time zero. At time zero, all the Alcohol is in their stomach, none is in their 
blood. Very rapidly, that Alcohol starts to move in to their blood, therefore, their blood alcohol concentration 
starts to go up. At some point, it will reach a maximum, and the biochemical machinery will be eliminating it. 
Therefore, it will reach a maximum, and then it will drop off, and after some hours will reach zero. 



Illustration 172 : Blood Alcohol Curve 
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The question is how steep is the slope of this graph? How fast does the body get rid of Alcohol? 

Let us take an example. Suppose there is an accident at 3 a.m., the man is arrested some hours later, and 
eyewitnesses confirm that he had a drink before the accident. Therefore, the question is what was his 
blood alcohol level was at 3:00 a.m., the time of the accident. 

Suppose it takes 2 h to arrest him, take him to a police station, take the blood sample, and do the 

measurement. We can only measure the blood alcohol level at 5:00 a.m. Let us suppose that the measurement 

is 70 mg /^ , at 5:00 a.m. In most countries, including Singapore 70 , is below the legal limit, but 

u /100ml a y k /u / 10 o ml y 

what we need to do is to calculate his blood alcohol level 2 h before, at 3:00 a.m. We are going to do these 

two ways. 

6.6.1 Method 1 


C t 

p 


= C 0 -t* |3 

= 12 5 m & et hanol 


IOO/ 77 / blood 


Equation 5 : Lowest Elimination Rate 

The first way we are going to do this is using algebra. What we need to know is how fast do people's bodies 
eliminate ethanol? 


It is found that the slowest elimination rate is something like ethanol ■ Let us take the 

lz,b IOO/77/ blood 

h 

equation above, where C t is the concentration of blood alcohol at the time of measurement, C 0 is the 
concentration of blood alcohol at the time of interest, i.e., the time of the accident, t is the time elapsed 
between the two, and is the elimination rate. If we rearrange this equation then we get: 


Cq - C t +1 * (3 


Now we can plug in the numbers. 

C 0 =70 +2 *( 12 . 5 ) 


The low elimination rate of 12.5 gives us the above concentration of 95 mg /ioo mi- 

People eliminate Alcohol at different rates; therefore, this is the calculation assuming a slow elimination rate 
of 12.5. A high elimination rate will be lx -mg ethanol ■ Therefore, if we use the same algebra, and 

IOO/77/ blood 
h 

put in this new value for |3 of 25 mg, then we calculate that the concentration at the time of the accident is 
120 mg /i 00 mi- Well, whichever value of jS we use in this case, the man was above the legal limit. 

6.6.2 Method2 

If you do not like algebra, you can do it this way. If we assume the low elimination rate of 
19 ^ mg ethanol , 12.5 mg for 2 h is 25 mg. Add that back onto the 70 that we measured, and you get 

100m/blood 
h 

the 90 m s . The same logic applies to the higher elimination rate of ethanol ■ 25 mg times 

100m/ 25 100m/blood 

h 

2 h is 50 mg. Adding that onto the 70 mg measured at 5:00 a.m., and you get no m s ■ Therefore, however 

100m/ 

you do the math, you get the same conclusion that this man was above the legal limit. Therefore, as I said at 
the beginning, Alcohol is the molecule that generates the most work for toxicologists. 


9S m S 


100 ml 
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7 Inorganic Poisons 

7.1 Arsenic 



Illustration 173 : Robert Boyle 


Let us turn our attention to inorganic poisons. Inorganic poisons are based around particular elements, 
which are toxic, and this means that inorganic poisons are little different to organic poisons. Whereas our body 
will get rid of organic materials, such as Ethanol or Caffeine by transforming them to other substances, we 
know from Robert Boyle that elements may neither be created nor destroyed. These elements will always be 
these elements. Therefore, if someone is poisoned with one of these elements, such as As, Sb, Hg, or Tl, that 
element will still be detectable in the body after death. It will still be detectable in the body after burial, and it 
will even be detectable in the ashes after cremation. 

7.1.1 Arsenic Trioxide 


One of the most famous poisons of all time is As. As is a good illustration of what Paracelsus said, because 
As compounds used to be readily available in any pharmacy or drug store. For instance, Fowler's solution could 
be bought, and it was widely used as a tonic. As was also used in things called flypaper. In the old days, before 
we had these spray cans for killing flies, the way to deal with them was to hang up flypapers. Flypaper was a 
strip of paper, and it was coated in glue. Therefore, if the fly came along and landed on the paper, it would 
stick in the glue. Flowever, flypapers did not contain ordinary glue, this was glue that had been contaminated 
deliberately with As. The glue will stick the fly, and the As would then kill it. 

We always associate As with poisoning, but as Paracelsus said, the difference between a poison and the 
remedy is the dose. This Arsenic trioxide, which has this bad reputation, it is actually now been approved for 
treatment of certain types of leukemia. The drug Trisenox can actually be used in this kind of treatment. 

We normally associate Arsenic trioxide with the Victorian era, and it was so widely used as a poison that it 
actually was given the nickname 'Inheritance powder.' That is, if someone was expecting an inheritance from 
their husband or from their parents, was getting a little impatient, and wanted to speed up the process, then 
they might use some inheritance powder to do just that. 
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This is a reprinting of an article from the Times of London. It originally appeared back in June of 1869, and it 
concerns the case against the Lady called Fanny Frances Maria Oliver, who was accused of murdering her 
husband by administering As. One of the things that makes As so useful for poisoning people is because 
As poisoning does not really have any specific symptoms that you can point to and say, 'aha, this is As.' It 
causes vomiting, it causes diarrhea, but a whole host of things will cause these conditions. Therefore, this 
woman's husband had become ill, and the doctor had been summoned, did not do any good, and the man had 
died. The doctor had put down the cause of death as hepatic congestion; this means problems with the liver. 

Back in these early Victorian times, it was very fashionable to blame any kind of ill health on the liver. If the 
doctor had no clue what had caused death, he would just put down something technical sounding, like 
hepatic congestion, and everyone would be satisfied. Well, murder needs a motive, and the woman had been 
drawing money from the bank, even to the total of 100 pounds. Back in 1869, 100 pounds was a great deal of 
money. 

If this woman was poisoning her husband, then did she have the means to deliver the poison to 
him? 

According to the witnesses, the wife prepared all the food for the husband, and therefore, she certainly had 
the opportunity to put As in it. 

From where did she get the As? 

Witnesses said that she had been able to obtain the As from the druggist, that is from the pharmacy, and 
she claimed that she needed it for cleaning her bonnet. 

Did the victim show any symptoms? 

Flere you go he vomited very much. As I said, you can vomit very much for all sorts of reasons, but as we 
know that As is an irritant, it is certainly consistent. 

This case came to trial after the man was dead and buried, but of course, the evidence is still there. As is an 
element. If he had been poisoned with As, then As was still in his body. Therefore, the body was exhumed and 
was tested for As. There is certainly sufficient evidence here for trial, and therefore, this case was sent to the 
Assizes (Travelling court). In the end, this woman was found guilty of murdering her husband, and was 
sentenced to death. Presumably as an act of mercy, the death sentence was commuted, and apparently, she 
spent the rest of her life in prison doing hard labor. 

7.1.2 Marsh Test 

As 2 0 3 + 6 Zn +12 HCI -> 2 AsH 3 + 3 H 2 0 + 6 ZnCI 2 

Formula 58 : Marsh Test 

Because of the widespread use of AS poisoning, the Victorians desperately needed a reliable, 
credible method for doing analysis, and this resulted in the Marsh Test for As. In forensic science, most of the 
techniques that are used are borrowed from other branches of science. The Marsh Test is interesting, because 
it is one of the scientific methods specifically designed for forensic purposes. 



Illustration 174 : James Marsh 

It was developed by this man, James Marsh, after a murder trial had collapsed, because the chemists could 
not convince the court of the validity of their analysis. Therefore, Marsh developed this test, very reliable, and it 
was used for many years. Now, of course, it has been superseded by modern methods such as AAS. 
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Illustration 175 : Marsh Test Apparatus 

The Marsh test relies on a property of As that if you take an As containing sample, and you heat it with a 
reducing agent, such as metallic Zn, with some acids, such as HCI, then the As will be reduced to Arsine, which 
is AsH 3 . AsH 3 is a gas; therefore, it will bubble out of the solution. It then passes along the tube to where there 
is a second heater, the little spirit lamp there. That heat from that lamp will decompose the AsH 3 , and As will be 
deposited on the surface of the glass. A trained chemist cannot only confirm the presence of As, but can also 
estimate the amount of As from the degree of deposition. 

Why this test works so well is, because there are only two elements in the periodic table that will behave in 
this way. One of them is As, the other one is As's near relative, Sb, but the SbH 3 that would be produced, if it 
were present, has a different stability, it is less stable than AsH 3 . Once again, the trained chemist can tell the 
difference between As deposited on the glass, and Sb deposited on the glass. The Marsh test proved 
very effective and completely credible in the courts, therefore, a very powerful weapon in the hands of the 
prosecution. 


7.1.3 The Styrian Defense 



If the prosecution got better, then the defense had to respond. One of the methods that the accused could 
defend themselves even if As were detected in the body, was by using the so-called Styrian defense. Styria is a 
mountainous region of Southern Austria. This is back in Victorian times, or more correctly speaking, 
Franz Josephian times. It was found that the peasants in Styria had the habit of eating As or eating 
Arsenic trioxide, and they were eating large doses every few days. They might be eating 300 - 400 mg, 
whereas the lethal dose is about half that. Some of them could eat almost 1 g, and this was actually done. 
Some of these peasants were taken to a medical congress in Vienna, and ate As in front of an audience of 
medical doctors. Therefore, there are two questions. 

How did they do it? How could they eat this much Arsenic trioxide without dropping dead? 


There were various theories. One theory is that the solid Arsenic trioxide only released into the body 
very slowly, therefore, it never built up to a high concentration. The other possibility is that, because these 
peasants had been eating As for a long time, starting maybe at low doses going to higher doses, they had built 
up a tolerance that other people did not have. 

Then there is the question of, why did they do it? 

Apparently, they said they did it to improve their health. The women also said they did it because they 
wanted to improve their complexion. Now, one of the effects of As on the human body is that it damages 
blood vessels. In fact, this damaging of blood vessels is the reason that Arsenic trioxide has 
anti-cancer activities. If you damage the blood vessels in your face, in your cheeks, then your cheeks will 
become redder colored, and back in the 19 th century, having nice red colored, rosy cheeks, like that was 
considered very attractive. Now, as for the men, they gave the usual reason for eating this As. 
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7.1.4 Florence Maybrick 

Here is an example of someone who tried to use the Styrian Defense, and this was a woman called 
Florence Maybrick. This was a very high profile trial in the city of Liverpool back in 1889. Florence Maybrick was 
charged with murdering her husband James. There was a motive; her husband had been playing around. Fie 
had a series of mistresses; therefore, she had a motive for doing it. Let us see how the Styrian defense played 
out for Florence Maybrick. 

The prosecution made the accusation, they had the evidence that she had purchased As, and in fact, they 
found a huge amount of As in the house. They had evidence, they had witnesses that she had been soaking 
flypapers in water, to make what is effectively an As soup. The question from the prosecution is, Mrs. Maybrick, 
you did this to murder your husband. 

Is there any other reason? 

Her response, she wanted this As containing soup, because she wanted to use it as a cosmetic face wash. 
The prosecution, we dug up your husband's body, the Marsh Test shows that there is As in your 
husband's body. Defense, self-medication. Fowler's solution, which contains As, was widely available in those 
days, and many people took it. Nevertheless, Florence Maybrick was found guilty and was sentenced to hang. 
Flowever, this trial was very controversial, not least because of the behavior of the judge. In those days, there 
was no appeal. Nevertheless, with a big controversy in the newspapers, her sentence of death was commuted 
by the Flome Secretary, and she was sent to prison for 15 years. 

7.2 Thallium 



Illustration 176 : Rat Poison 


The element Tl is not as well known as As, but it is very toxic. It also used to be very widely available, 
because it used to be the standard rat poison, and in some countries around the world, you can still buy 
Tl-compounds to use as rat poisoning. You can see from this picture, it says, 'Thallium, rough on rats.' 

It is not just rough on rats; it is also very rough on people. The lethal dose is about 12 mg / kg body weight. It 
works by interfering with the nervous system, and this is due to a chemical similarity with the element K. Unlike 
As, however, Tl has a particular symptom that is very characteristic. If you are poisoned with Tl, one of the 
things that will happen is that all of your hair will fall out. This is very characteristic of Tl. 

7.2.1 Graham Young 

One poisoner who used Tl was Graham Young, a very disturbed individual. Graham started his career of 
poisoning even at the age of 14, when he murdered his stepmother. Fie was sent not to prison, but to 
Broadmoor Psychiatric Hospital. This is a secure hospital, and the people there are treated as well as detained. 
There are rumors that he may have poisoned another inmate while he was in Broadmoor, but in 1971, he was 
considered to be cured, and therefore, he was released back into the community. 

When he was released, he was able to get a job, and he got a job working in a warehouse. By an 
unfortunate coincidence, one of the duties that he had in this warehouse was to make the tea. Therefore, it is 
the perfect job for a would-be poisoner. It is believed that he attempted to poison eight of his co-workers using 
either Tl or Sb. 

Graham Young does not seem to have been interested in killing many people as fast as possible, because he 
would give relatively low doses for a long time, therefore, he could watch the effects, and then, presumably, 
give a higher dose later. The result was that while eight of his co-workers became ill, two of them died. 
Bob Egle was the first to die, and he was cremated. When the second worker died, Fred Biggs, there was a very 
serious investigation. In fact, it was suggested by Graham Young himself that this looked like a Tl-poisoning. 
Therefore, the investigators went back and re-investigated Bob Egle's death. 
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Remember, he has been cremated, but we are talking about Tl. Tl is an element; therefore, Tl cannot be 
destroyed. They went back to the ashes of the victim. They were able to analyze the ashes, and prove the 
presence of Tl in the ashes. Not only could they show that Tl was present, they could also measure the level of 
Tl, make a very good estimate of the amount of Tl present, and show that it exceeded the lethal dose. With this 
evidence, it led to Graham Young's conviction of the murders. This time, he did not go to a psychiatric hospital, 
he was sentenced to life in prison, and he died in prison some years later. 

Rather bizarrely, Graham Young does still have his fans. This is a story from Shizuoka, in Japan, a few years 
ago, where a 17-year-old girl fed Tl to her mother. The woman did not die, but she was extremely ill. Tl has 
some very nasty effects, but the judge realized that this girl did not hold a grudge against her mother. She just 
wanted to do an experiment. Of course, there is a big difference in doing an experiment in a test tube, and 
doing it on a human being. 

7.3 Barium 

Well, As and Tl are well-known in toxicology. They have a long record of accomplishment of use in 
poisoning, therefore, in a poisoning case these are things that people might look for. However, many 
other elements are also poisonous, but are not very well-known, and therefore, when there is such a case, no 
analysis is done for these more exotic elements. One example would be the element Ba. Ba poisoning is 
actually very uncommon. Partly because very few people actually have access to compounds containing Ba. 

7.3.1 Marie Robards 

One person who used Ba poisoning was a young woman called Marie Robards, in the city of Mansfield in 
Texas. Presumably, because of family problems, she put some Barium acetate in her father's dinner; it was 
Mexican food. Whether she planned to kill him or not, she probably did not plan to kill him, but she may have 
just used too much Barium acetate, and her father died. It was not suspected that it was murder, therefore, he 
was buried, and Marie continued with her life. 

She went on to university, she took some classes at university and in one of those classes, and they were 
studying the play by Shakespeare, Hamlet. It was actually William Shakespeare that caught out Marie Robards. 
Now, part of the play Hamlet, an important part, concerns the murder of Hamlet's father, and this got to Marie. 
She confessed to one of her friends that she had murdered her father by putting something in his dinner, and it 
was this friend who then went to the police, and the investigation started. 

The victim was exhumed and analysis showed, sure enough, the presence of Ba in his body. Therefore, 
Marie was convicted, she received a jail sentence, and now I understand she has been released and is living 
under a new identity. Ba, as I said, is not something that anybody can find, and it turns out that Marie had 
stolen it from her school chemistry laboratory. 

One use of Ba is in medical X-rays. You know very well that if you have a broken arm or something like that, 
you will be X-rayed, and the doctor can see a picture of your bones very nicely. A very important tool for 
diagnosis, but suppose you have something wrong, for instance, with your stomach or your intestines, these 
are all soft tissues; they do not show up on X-rays. 

However, a technique was developed that the intestines could be visualized by X-ray, and this used what 
was called Ba meal. Ba meal contains Ba, the patient eats it, therefore, their intestines are full of Ba, and that 
means that when the patient is X-rayed, the intestines will show up nicely, and the doctor can do a diagnosis. 

Why does Ba meal not poison the patient? 

The reason is quite simple. Ba meal uses Barium sulfate. Barium sulfate is highly insoluble in water, which 
means that even your intestines are stuffed full of it, it is not absorbed into the body, it cannot reach any 
target organs, and therefore, no poisoning takes place. Ba is ultimately excreted in the normal course of events. 
Marie Robards, on the other hand, she used Barium acetate. It is soluble, and therefore, it is easily absorbed. 

8 Nerve Agents 

8.1 Sarin 
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The use of poisons in war, specifically poison gas, started in World War I. One of the most potent 
nerve gases ever discovered is the compound called Sarin. This was developed by the Germans in the 1930 s , 
and taken over by the German military. In World War II, the Germans stockpiled a lot of Sarin, but it was never 
used, and most of it was discovered by the Russians as they pushed through into Germany. 

All sorts of countries have made and have stockpiled Sarin, and most, quite recently, we have seen the 
United States going to the verge of military action against Syria, because of the use of Sarin in the Syrian 
Civil War. One terrible use of Sarin was back in 1988, when the Saddam Hussein's military in Iraq used it 
against villagers up in Kurdistan, in the North of the country. Sarin is a very powerful nerve agent. It gets into 
the body; it stops the nervous system working, and even with very low doses causes death. 

8.1.1 Aum Shinrikyo Cult 

Not just governments have made Sarin. This Japanese cult called Aum Shinrikyo also had a go at making 
Sarin. They released some in a town called Matsumoto in June of 1994, killing seven people. The following year 
they carried out the well-known Tokyo subway attack, where they released their homemade Sarin. They killed 
12 people. A thousand people, at least, went to hospital, and, even today, there are still people suffering the 
ill effects of that attack. Fortunately, the Aum Shinrikyo chemists were not very good at their job. The Sarin 
they produced was not very pure, and it smelled very badly. If they had made pure Sarin, then the death toll 
would have been much higher. 


8.2 Neurotransmission 

How do these nerve agents work? 



Illustration 177 : Granule Cell with Axon 


They work by interfering with the biochemical mechanism in which nerve impulses travel from the brain to 
the muscles. This is a nerve cell, and it does look like a piece of wire. In some ways, it acts like a piece of wire 
in transmitting the message. 

How does a nerve cell actually work in chemical terms? 


At this point, please watch 'CSI & Forensic Science_005.MP4' 

Video 5 : Working of Nerve Cells in Chemical Terms 


8.2.1 Mechanism of Action of Sarin 

What happens when we interfere with it? 

Sarin interferes at the neurotransmitter stage. Suppose we have excess of the neurotransmitter present. 
What will happen? Well, it means we get continued nerve stimulation. Even though there is no signal coming 
down from the line from the brain, the nerve is still stimulated, and that means that the muscles at the end of 
the nerve are still activated. This leads to twitching; it leads to convulsions; it leads to paralysis and death. It 
often starts with blindness due to the effect on the eye muscles and the eye nerves. 

Under what circumstances would we have excess of the neurotransmitter present? 
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Formula 60 : Deactivation of Neurotransmitter 


- 167- 






CSI & Forensic Science 


The concentration of the neurotransmitter is regulated by an enzyme called Acetyl cholinesterase, which 
converts the Acetylcholine into inactive Choline. What Sarin does is block the action of that enzyme, therefore, 
that the excess Acetylcholine cannot be destroyed, and therefore, will be present in excess. 



Illustration 178 : Screenshot from the Movie 'The Rock' 

I do not know if you have seen this movie, it is called 'The Rock,' it was made a few years ago, and it stars 
as the heroes, Sean Connery and Nicholas Cage, with Ed Harris as the villain. In this movie, some renegade 
US soldiers steal some Sarin containing chemical weapons, take over the island of Alcatraz in San Francisco bay, 
and threaten to fire these weapons at San Francisco. Nicolas Cage and Sean Connery are sent into Alcatraz to 
defeat this dastardly scheme. In a scene towards the end of the movie, Nicolas Cage is exposed to Sarin when 
one of these things go off, and very dramatically, he pulls out this syringe he is been given earlier on, and he 
stabs himself in the chest with this syringe. Then everything is fine, the bad people are dealt with, Nicolas Cage 
gets the girl, and there is a successful conclusion. 

8.3 Atropine 

Now what was in the syringe? 
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Formula 61: Atropine 

The answer is a naturally occurring chemical called Atropine, and Atropine is the antidote to Sarin. The 
reason that it is the antidote to Sarin is, because it has the opposite effect. Whereas Sarin inhibits the action of 
the enzyme Acetyl cholinesterase, Atropine inhibits the action of Acetylcholine. If you have excess Acetylcholine 
present, Atropine will prevent it from acting. Therefore, the Atropine does the opposite to the Sarin. Provided 
the doses are about balanced, then it is going to work as an antidote. On the other hand, if you take Atropine 
just as Atropine and not as an antidote, then it will be toxic, because it is going to inhibit this action of your 
neurotransmitter. The LD 50 for Atropine in rats by oral administration is 500 mg / kg . 

8.3.1 Atropa Belladonna 



Illustration 179 : Atropa Belladonna 

Now, Atropine, as I said, is a naturally occurring compound, and it comes from the plant Atropa belladonna; 
therefore, it gets its name from the Atropa part, but what about the belladonna? 

Belladonna is Italian for beautiful lady. In addition, one of the effects of Atropine is that if Atropine is placed 
in the eye, then the pupil dilates. Therefore, the pupil becomes bigger, and many people consider this to be 
beautiful, hence, belladonna, beautiful lady. Moreover, in fact one of the uses of Atropine is in optometry, 
because if you put it in someone's eye, you dilate the pupil to make it bigger, and then it is easier for the 
ophthalmologist to see inside the eye. Provided it is only on the surface of your eye, it is not going to do you 
any harm at all, but, of course, if it is ingested then as we know, it is toxic. 
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8.4 Paul Agutter 

I mentioned at the beginning of this lecture that one of the reasons that poisoning is less common 
nowadays than in the old days is, because it is much more difficult to get hold of these very poisonous 
substances. However, one group of people who can get hold of these substances relatively easily are 
chemistry professors. This case here involves a professor of biochemistry, Paul Agutter, who used to be at 
Napier University in Edinburgh, Scotland. He was convicted of poisoning his wife with Atropine, which he 
obtained ostensibly for research purposes. 

How did Agutter do it? 

He put Atropine in his wife's Gin & Tonic. Now, if a wife is murdered, then of course one of the first suspects 
is going to be the husband. Agutter knew this; therefore, he laid a false trail to try to mislead any investigators. 
He went to a local supermarket, took some of the bottles of tonic water, spiked them with Atropine, and then 
returned them to the supermarket. His idea was, by having random people around the town having mild 
Atropine poisoning; people would think this is some kind of serial killer, or maybe someone with a grudge 
against the supermarket, or the drink manufacturer, rather than a husband trying to get rid of his wife. 

Unfortunately, for him, his scheme unraveled, and that is because the amount of Atropine he put in the 
tonic bottles was less than the amount of Atropine that he put in his wife's drink. These things, of course, are 
very easy to measure using a technique such as HPLC. Therefore, it was very clear to the police that it was 
actually a husband-wife case rather than a mass poisoning. Fortunately, his wife got medical treatment, she 
survived, Agutter was convicted only of attempted murder, and he served seven years in prison. 

Interestingly, after his release from prison, he started to work for the University of Manchester, and they 
asked him to teach a course on medical ethics. 

8.5 Georgi Markov Case 

Georgi Markov was a Bulgarian writer, but he had become dissatisfied with the communist regime in 
Bulgaria. In 1971, he escaped to Britain, and he had started working for the BBC World Service, broadcasting to 
Bulgaria in Bulgarian, saying very unpleasant things about the Bulgarian regime, and the communist 
Bulgarian president. These things did not make him popular back in Sofia. 

One day in September 1979, he was on his way to work, and he was standing on Waterloo Bridge when he 
felt a sharp pain in one of his legs. In addition, he had been poked in the leg by an umbrella held by the man 
standing next to him. This man mumbled an apology and disappeared. Markov went on to work, but he started 
to feel unwell. The next day he was admitted to hospital, and on the following Monday, he died. 

8.5.1 Autopsy Result 

At the autopsy, the puncture wound from this poke in the leg was found, and the tissue from that part of 
the leg was sent to Porton Down, the chemical weapons research establishment. Moreover, in the tissue there 
was a very tiny metallic sphere. 

8.5.2 SEM-EDXResult 

\ —— 1 * 7=133 -| 



Illustration 180 : SEM-EDX of Sphere 

SEM-EDX analysis showed that its composition was very unusual. It was an alloy of 90 % Pt, and the rest 
was Ir. Not the kind of alloy you would come across in normal life. This sphere was hollow. There was a tiny 
hollow space inside, and they estimated this was big enough for about 2 mg of poison, though there was no 
detectable poison inside it anymore. 
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8.5.3 Poison Used 



Illustration 181: Castor Oil Plant 


It was deduced that the poison most likely to have been used inside that metal sphere was a 
complex polypeptide called Ricin, and this can be isolated from the Castor oil plant. Rather scarily, the Castor oil 
plant is very common. It is quite an attractive plant, and many people might find it growing in their garden. 

8.5.4 Umbrella 



Illustration 182 : Umbrella Pellet Gun 


The umbrella was, of course, not a real umbrella. It was, in fact, a pellet gun disguised as an umbrella, and 
probably made by the KGB. This technique had in fact been used the previous year on another 
Bulgarian dissident called Kostov. The difference was that whereas Markov died from the Ricin poisoning, 
Rostov had survived, and it is believed this is simply, because of the way they were stabbed. 

The pellet injected into Markov came very close to a blood vessel, and therefore, the Ricin was absorbed 
very fast, reaching a high and lethal concentration. The pellet injected into Kostov probably went into 
muscle tissue, and therefore, there was a very slow absorbance of the Ricin into the bloodstream. 

8.5.5 Question 

Was Markov really murdered by Bulgarian Secret Services? 

It seems very likely that this was the case, though many of the records of the Bulgarian Secret Service 
disappeared with the fall of the communist regime, and many important people in that regime committed 
suicide, therefore, they can never tell us the truth. 

8.6 Alexander Litvinenko Case 

Our final poisoning case in this lecture is a little bit different from all the others. It concerns the Russian, 
Alexander Litvinenko, who died of poisoning in 2006. If we look back at Litvinenko's career, he had started out 
as an officer in the KGB, and stayed on when the KGB converted into the FSB. By 1998, he had become a 
serious critic of the Russian government, and a couple of years later, he sought asylum in London, where he 
continued to be a critic of the Russian government. 

After six years in London, he became seriously ill, and he died in hospital. One of the symptoms of his illness 
was hair loss. Of course, it was thought that probably this was Tl poisoning, but when he was analyzed, for 
instance analysis of his urine, there was no Tl detected. It turned out that he was being poisoned in a 
very unusual way, for which there was no known precedent, and that is, he was being poisoned with 210 Po. 

Po is a radioactive element. All forms of Po are radioactive. Po only occurs naturally in very trace amounts. 
Therefore, Po is actually manufactured in nuclear reactors. One of the few places that manufacture 210 Po is in 
Russia. Now, 210 Po is radioactive. The atoms of 210 Po decay to become 206 Pb, and in the process of decay, they 
emit an alpha particle, which is a radioactive particle that is spat out of the atomic nucleus. 
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Now, alpha particles are not really that dangerous, they will only travel for a few cm in air. They will only 
travel for a few pm through the skin. Therefore, 210 Po itself is not very dangerous provided it is contained, but if 
it is ingested, it is very dangerous indeed, because if 210 Po is ingested, there is no barrier between these 
unstable radioactive atoms and your biochemical molecules. Therefore, when these atoms decay, and they give 
out that alpha particle, this will smash into important molecules in your body, your enzymes, your 
molecular structures, your DNA. It is not like the other poisoning cases that we have talked about before; this is 
radioactive atoms attacking your molecular structure. Nothing could be done, and Alexander Litvinenko died in 
hospital of radiation poisoning. 

The thing about radiation is that it is very characteristic. The energy of these alpha particles given out by 
210 Po is highly characteristic. Other radioactive atoms that give out alpha particles will give them out with 
different energies; therefore, it is very easy to trace the 210 Po, and to confirm that it is 210 Po. As the police 
followed the trail of Alexander Litvinenko around London, they were able to find more than 30 locations where 
there is 210 Po, including the places where Litvinenko had lunch and tea. It is believed that the 210 Po was put into 
his food or drink at one of these locations. They were also able to trace 210 Po on two British Airways planes, in 
fact, they could track it to the particular seat on the plane, and these planes were flying on the London to 
Moscow route. Therefore, the Metropolitan Police have a suspect in mind, someone who they would like to have 
helped them with their inquiries, but forensic science can only do too much. It is now part of 
international politics. It is a question of whether the Russians will arrange for this person to come to London for 
questioning ever. 

9 Summary 

This concludes our lecture on toxicology, and we have covered a lot of ground. We have talked about all 
sorts of different poisons, from plant poisons, to CO, to inorganic poisons. We have seen some of the 
different modes of actions that these poisons can have, and how important it is to consider the route of 
administration for a particular poison. We have seen the use of the LD 50 value to measure how strong a poison 
is. We have seen how important it is that you keep your liver in good health to protect you from 
xenobiotic molecules. We had a quick look at Alcohol, the most common poison. We have talked about 
Paracelsus, and then we have seen the action of some specific poisons, such as As, Tl, Sarin, and Atropine. 
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Case Studies 

The final lecture in this course has no particular subject. It is a collection of case studies. Some of these 
illustrate some of the points that we have made in earlier lectures, and a few of them introduce some 
new topics of interest. 

1 King Richard III 

The first case we are going to talk about is not really a criminal case; it is a historical case. It is the case of 
King Richard III who lived 1452 - 1485, and for the last two years of his life he was King of England. Now, 
Richard is historically significant, because he is the last King of England to die in battle, and he was killed in the 
Battle of Bosworth on August 22, 1485. That was a battle between his forces and those of his rival, 
Henry Tudor, who became King Henry VII. If you want a date to divide the medieval period from the 
modern period, then the date of the Battle of Bosworth is as good as any other. 

Well, Richard was killed in the battle, and after the battle, he was buried in a nearby church. He was buried 
in Greyfriars Monastery Church in the nearby city of Leicester. Henry Tudor became King, and the Tudors 
formed the next ruling house of the Kingdom of England. William Shakespeare worked most of his life for the 
Tudors. He wrote a play about Richard III, and much of the popular image of Richard III comes from this play 
by him. 

However, we have to remember that part of Shakespeare's career was during the time of the Tudors. 
Therefore, he knew which side his bread was buttered, and therefore, his portrait of Richard III is probably 
extraordinarily biased, not only in terms of Richard's character, but also in his physical attributes. One of the 
things Shakespeare tells us is that Richard III was a hunchback. 

What happened to Richard's grave? 
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Well, it was lost. They managed to lose a King of England. The reason it was lost is that in the dissolution of 
the monasteries under Henry VIII, the church was demolished in the 1530 s . A few years ago, archaeologists at 
the University of Leicester were able to identify the site of Greyfriars Church, they did this by taking old maps of 
the city of Leicester, comparing them to the current maps, and they were able to show that the site of this 
church was now a council car-park. In collaboration with the city, they excavated the car-park, and when they 
dug under the car park, they found the remains of the church. Amongst the remains of the church, they found 
a skeleton. The question is, is the skeleton the skeleton of King Richard III? 

They built up their case very carefully. Let us first of all look at some circumstantial evidence. The skeleton 
was buried in the part of the church, which is known as the choir. This is not the most respectable part of the 
church, but it is still a good part of the church. Remember that Richard III, while he was considered by the 
Tudors to be an usurper, he had still been King of England, and he would still have powerful supporters. 
Therefore, he was buried somewhere respectable, but he had been buried carelessly. The grave was not 
actually quite big enough for him, and there was no shroud or no coffin, therefore, it looks like a quick burial, 
but not an insulting burial. 
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We can look at some scientific evidence. We can do 14 C dating of the skeleton, and that placed the age of 
the skeleton to somewhere between 1456 and 1530. Therefore, the date of the Battle of Bosworth is about in 
the middle of that. Now we can do some work looking at the skeleton itself. When you have a skeleton of an 
adult male, it is not easy to get an accurate estimate of the age, but it was estimated from inspection of the 
skeleton that this person had died somewhere between his late 20 s and his late 30 s , and you can calculate for 
yourself that Richard would have been in his 30 s . 

Remember that Shakespeare portrayed Richard III as a hunchback, and when they examined the skeleton 
found under the car-park, they noticed a distinct curvature of the spine; a condition that we will call scoliosis. 
Whether that made him a hunchback is a subjective judgment, but it would definitely have made his shoulders 
unsymmetrical, and maybe Shakespeare was taking that physical attribute, and exaggerating it for his own 
political purposes. So far, everything matches Richard III, and what we know about him, but Richard died in 
battle. Therefore, let us look at the injuries to the skeleton. It had a number of injuries consistent with being 
hacked by a sword. There were ten wounds, including eight to the skull, and those wounds to the skull would 
have been the cause of death. Clearly, this is consistent with someone who died in a medieval battle. 



Illustration 183 : Facial Reconstruction of King Richard III 

Another piece of forensic technology we can use is facial reconstruction, and this was done on the skull. 
Unfortunately, this has no forensic use whatsoever, because back in the 15 th century, they did not have 
photography, therefore, we have no idea what Richard really looked like. We can only suggest that he may 
have looked like this. 

This leaves us with DNA evidence. Now, this is a body from more than 500 years ago, therefore, we are not 
going to use nuclear DNA, we are going to use mitochondrial DNA that is more robust and survives longer. It 
was possible for the investigators to extract mitochondrial DNA from the remains, but DNA from the skeleton, 
on its own, is useless. To use DNA to identify someone, you have to compare it to an authentic sample. 
Nowadays, you would extract DNA from the body, you would go to the suspect's house, and get the DNA 
maybe from their toothbrush or something like that, do a comparison, obviously not possible in the case of 
Richard III. 

However, recall, mitochondrial DNA is not unique to the individual. It is passed down the maternal line. What 
they want to do was to find a descendant of this family; therefore, they could compare mitochondrial DNA, not 
easy after so many centuries. First of all, you need an un-interrupted female line. You cannot use any 
descendent of Richard III himself, because he was a man. Therefore, they have to go back to 
Richard Ill's mother, Cecily Neville. Cecily had many children, one of whom was Anne of York. Anne of York 
married, and she had a daughter. The daughter had a daughter; the daughter had a daughter, and so on down 
almost to the present day, therefore, there is an un-interrupted female line until the present generation, where 
the descendant is a man called Michael Ibsen. Remarkably, that line of descent was also documented. It could 
be proved that Michael Ibsen was a descendant of Richard Ill's mother. The investigators were also able to find 
a second descendant down a female line, but the second descendant asked to remain anonymous, therefore, 
we do not know who it is. 

The two descendants gave DNA samples, and their m DNA matched the m DNA extracted from the skeleton. 
With this evidence, the evidence from the skeleton, the evidence from the grave, and the evidence of the 
m DNA, we can be very confident that this is indeed the skeleton of the lost King Richard III. 

This case of Richard III is a very nice application of the techniques of forensic science to a historical, 
archaeological issue. If you look through the media reports from the time, you will find it is a very nice example 
of how to manage the media to get the maximum amount of publicity for your city as well. 
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2 Annie Le 

Let us move a little closer to the present day, and let us talk about the case of Annie Le, who was murdered 
at Yale University in 2009. She was a very promising PhD student in the pharmacology area, and she was last 
seen on September 8, 2009, about 10 a.m., when she went to a Yale University building at 10 Amistad Street. 
This is the building where her department had their animals for doing animal experiments. She was finally 
reported missing at 10:40 p.m. that night, September 8. A few days later on September 13, her body was found 
inside a wall space in that building, and part of the tragedy is that September 13 was the day when she was 
supposed to be getting married. 

Four days later one of the animal lab technicians, a man called Raymond Clark, was arrested for her murder. 
On March 17, 2011, Raymond Clark entered into a plea bargain, and was found guilty of murder and 
sexual assault. Interestingly, the first public news of the sexual assault was when the plea bargain was 
announced. No details of it had been released by the police previously. On June 3, Raymond Clark was 
sentenced to 44 years in prison. At the time, the state of Connecticut, where Yale is, still had the death penalty. 
Presumably, Raymond Clark entered into the plea bargain in order to avoid the death penalty. 

What happened in the case? How, for instance, did they find Annie Le? 

The police quickly realized that she was somewhere inside 10 Amistad Street. This is an animal 
experimentation laboratory, therefore, it has quite high security, and nobody can get into the building without 
being filmed by CCTV, and nobody can get out of the building without being picked up on CCTV either. The 
CCTV showed her entering but never showed her leaving; therefore, she had to be still inside. In addition, the 
building had electronic locks. The locks are activated by an ID card and whenever you use your ID card on a 
lock of this kind, the computer records whose ID card has opened the door and at what time. 

These locks are not only on the external door of the building, they are also on the internal doors of the 
individual rooms. Therefore, the police were able to use the electronic lock records to track her movement 
through the building. The last room she entered was a room numbered G13. 

When room G13 was carefully searched, they found medium velocity blood spatter. Remember from our 
lecture on blood that even if bloodstains are cleaned and scrubbed, techniques are available to make them 
visible again. The building was extensively searched, and on September 13, her body was found in a wall space. 
She had been strangled, her jawbone and collarbone had been broken, there was bruising, and also signs of 
sexual assault. Therefore, this was a very violent crime. 

What made Raymond Clark the suspect? 

The same evidence that allowed the police to find Annie Le also made him a suspect. The CCTV showed him 
entering the building, the electronic locks recorded his movement through the building, and the police were 
able to show that on that day he had been rushing from room to room. By looking at the records from 
previous days, they could see this was very strange and uncharacteristic behavior. Perhaps he was rushing from 
room to room looking for somewhere to hide the body. The CCTV also showed that he changed his clothes, 
probably trying to hide something. 

When the building was being searched, he was behaving suspiciously, even trying to hide objects while the 
police were searching. All of these evidence led up to his arrest on September 17. Now, arrest is one thing. 
Arrest is based on suspicion. Conviction must be based on proof. 

How was Raymond Clark convicted? 

The police found a lot of evidence in 10 Amistad Street. A sock, a glove, and other clothes were found 
hidden above a ceiling tile and the sock had blood on it from both Clark and from his victim, Annie Le. In the 
wall space where the body was found, they found a second sock and a green pen. Now, one of 
Raymond Clark's habits, when he signed books or documents, he had this habit of using a green pen. That is 
not enough to prove that this pen was Raymond Clark's, but they were able to get his DNA off the pen also, 
and presumably, he had dropped it in the wall space when he was putting the body in there. Finally, the DNA 
evidence from the sexual assault was also his. Therefore, the result in March of 2011, guilty of murder and 
sexual assault, 44 years in prison. The conviction was possible because of this mass of forensic evidence. 

3 Jon Benet Ramsey 

Not every story has a nice tidy ending. Not every case is solved, and not every criminal is brought to justice. 
In the case of Jon Benet Ramsey, who was murdered when she was just age six, nobody has ever been 
convicted of this crime. 

She was found dead in her home the day after Christmas in 1996, in the usually peaceful university town of 
Boulder, Colorado. Her parents, Patsy and John Ramsey, were, for a while, suspects. Patsy has now died. Her 
father, John, is still alive. She has a brother, Burke, who is probably not involved in the case. 
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This is how the case went. 

On December 26, 5:45 a.m., her mother, Patsy, called the police, and they arrived a few minutes later. The 
Ramseys also called various friends, who also came to the house. What Patsy had found was a ransom note, 
saying that her daughter, Jon Benet, had been kidnapped. 

Well, if it is a kidnapping, then the crime scene is likely to be the girl's bedroom, any entrances, and 
passageways. The house was searched several times, and a body was finally found at 1:00 p.m. The body, 
remarkably, was found by the father. Examination of the body showed a fractured skull due to the impact of a 
blunt object. In addition, she had been subject to ligature strangulation. That is, a rope had been put around 
her neck and tightened, and that rope had come from Patsy's painting equipment. It is not clear which of these 
two events had killed her. 

Opinions appear to differ on whether she had been sexually assaulted. In addition, her hands were loosely 
tied, not tightly tied to prevent any movement, but very loosely tied. In addition, her mouth had been covered 
with duct tape. 

Now, there is something odd about the duct tape, because if someone is alive, and you slap duct tape over 
their mouth, they are going to keep moving their mouth under the duct tape. However, when the duct tape was 
removed from Jon Benet's mouth, there was a perfect lip print, which you would not get from a moving mouth, 
which indicates that Jon Benet was either unconscious or dead when the duct tape was put on her mouth. 



Here is the house. It is a big house; Jon Benet's bedroom is up on the second floor. The ransom note was 
found on the first floor in the kitchen. The body was found in a far room, down in the basement. 

Let us look at the ransom note. There are many aspects to this case, and it is very controversial, but let us 
focus on the ransom note. There are many strange things about the ransom note. The first one is that it is 
written on the Ramsey's own paper with one of their own pens; therefore, this is a kidnapper who did not bring 
his own stationery with him. There was a first draft of the note, which had been discarded. In addition, the 
ransom note is extremely long, running to three pages. Typically, ransom notes are really short, giving just the 
basics. The ransom note was hand-written. 

In any crime in a family, other members of the family are always a suspect, therefore, handwriting analysis 
was used, and that indicated that the note had not been written by John, and it was unlikely to have been 
written by Patsy, but not impossible. The note says: 

'Mr. Ramsey, Listen Carefully! We are a group of individuals that represent a small foreign faction. We do 
respect your business, but not the country that it serves. At this time, we have your daughter in our possession. 
She is safe and unharmed, and if you want her to see 1997, you must follow our instructions to the letter.' 

The way people write can be analyzed, and from the way people write, you can learn something about 
them. For instance, look at the word 'foreign.' Very few people would consider themselves to be foreign, 
typically you always consider other people to be foreign. Therefore, is this a note written by an American trying 
to pretend to be a foreigner? 

Now look at this. 'Business' is spelt wrongly, as is 'possession.' However, as we go through the rest of the 
note, you will see that these are the only spelling mistakes in the note. Was someone trying to pretend that he 
could not write English properly, but after he got past the first paragraph, forgot to put in more 
spelling mistakes? 

Let us go on: 'You will withdraw $118,000 from your account. $100,000 will be in $100 bills and the 
remaining $18,000 in $20 bills. Make sure that you bring an adequate size attache to the bank. When you get 
home, you will put the money in a brown paper bag. I will call you between 8:00 and 10:00 a.m. tomorrow to 
instruct you on delivery. The delivery will be exhausting, therefore, I advise you to be rested.' 

You can see this is a very caring kidnapper. 
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'If we monitor you getting the money early, we might call you early to arrange an earlier delivery of the 
money, and hence an early delivery pick-up of your daughter/ Well, there are odd things in this paragraph, too. 
For instance, that $118,000 happens to be the size of John's bonus that year. It is odd that they should ask for 
such a specific sum and, given the fact that John Ramsey was a wealthy man, not just put down a 
million dollars. This is the final part: 

'Any deviation of my instructions will result in the immediate execution of your daughter. You will also be 
denied her remains for proper burial. The two men watching over your daughter do not particularly like you, 
therefore, I advise you not to provoke them. Speaking to anyone about your situation such as police, F.B.I., 
etc., will result in your daughter being beheaded. If we catch you talking to a stray dog, she dies. If you alert 
bank authorities, she dies. If the money is in any way marked or tampered with, she dies. You will be scanned 
for electronic devices, and if any are found, she dies. You can try to deceive us, but be warned that we are 
familiar with law enforcement countermeasures and tactics. You stand a 99 % chance of killing your daughter if 
you try to outsmart us. Follow our instructions, and you stand a 100 % chance of getting her back. You and 
your family are under constant scrutiny as well as the authorities. Do not try to grow a brain John. You are not 
the only fat cat around; therefore, do not think that killing will be difficult. Do not underestimate us John. Use 
that good southern common sense of yours. It is up to you now John! Victory! S.B.T.C/ 

Probably one of the most melodramatic ransom notes of all time. This is something that struck me, 
law enforcement countermeasures.' If they were foreigners, they would have probably written 'police.' Flere is 
another oddity, 'Use that good southern common sense of yours.' Yet, John Ramsey was born in Nebraska. In 
addition, this is curious. If you look back to the beginning of the letter, it starts out 'Mr. Ramsey.' Why by the 
end of the letter, are they now on first name terms? 

One oddity that has caused a lot of speculation on the internet is this signing of the letter 'S.B.T.C/, and if 
you go online, you can find all sorts of speculation about what 'S.B.T.C/ stands for, from the very religious 
'Saved by the Cross' through to 'Santa Barbara Tennis Club'. What we can conclude is that this is a very strange 
ransom note, and was probably written by somebody merely to divert attention from searching for the body 
that was in the house. 

Who did it? 

One possibility is an intruder. Therefore, if there is an intruder in the house, he should have left traces in the 
other rooms and the hallways, because every contact leaves a trace. The problem is that the house as a whole 
was not recognized as a crime scene, and the Ramsey family and their friends were present in the house. 
Therefore, any traces left by any intruder would have been obliterated by all these visitors. 

Now, there was a broken window leading into the basement, but it turns out that had actually been broken 
by John Ramsey some time before when he locked himself out. We also have this evidence of the tape on her 
mouth. Well, the tape on her mouth, an intruder might have put that there to quieten her, to silence her, but as 
we have said, she was probably already dead or unconscious when it was put there. 

What about DNA evidence? Well, if she was subjected to ligature strangulation, we should be able to get 
DNA off the ligature, that rope that was used to strangle her, or we should have been able to get DNA off her 
clothes. A certain amount of DNA was obtained from her underwear, and this, for a while, was regarded as the 
key to the case. 

A man called Mark Karr had been in communication with a journalism professor at the University of Colorado 
called Michael Tracey. In addition, he had been sending emails to Michael Tracey, one of which included the 
statement, 'I was with Jon Benet when she died.' Now, Mark Karr, by 2006, was in Bangkok. When 
Michael Tracey informed the Colorado authorities of these emails, they very quickly got Mr. Karr deported from 
Bangkok back to Colorado, and when he got to Colorado, a sample of his DNA was taken. 

This whole process had been done in a media spotlight with great fanfare, presumably because the 
authorities in Colorado were convinced they now had the perpetrator. Unfortunately, this is not how to conduct 
business, because when Mark Karr's DNA was compared to the DNA sample from the underwear, all charges 
against him were dropped. We saw in the case of Richard III an excellent example of how to manage the 
media. We see in the case of Mark Karr an excellent example of how to mismanage the media. 

This case is unsolved, and one reason for lack of progress is, that mistakes were made by the police in the 
early days. They failed to recognize the whole crime scene; therefore, all sorts of people had access to the 
house from the morning that Jon Benet was known to be missing. They failed to secure the crime scene, and 
they failed to search the crime scene. The body was not found by a police officer, it was found by the 
girl's father, brought upstairs to the girl's mother. Therefore, any traces by family members could be result from 
the search, and therefore, could not be used in evidence. 

Who killed JonBenet Ramsey? Perhaps we will never know. 
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4 Unabomber 

When we talked about the Jon Benet Ramsey case, we talked about the ransom letter, and the case of the 
Unabomber, Ted Kaczynski, is another case where a letter is the key to the solution. 

The Unabomber would send handmade letter bombs to Universities and Airlines, hence his name. He killed 
three people and injured 23 people between 1978 and 1996, when he was caught. He was very clever; he did 
not leave any traces. 


Ted Kaczynski 

The F.B.I. was able to get a description from a witness, but as you can see from the sketch, it really does 
not look much like him. However, he gave himself away; because he had a motive, and he offered to stop, his 
bombing campaign if his so-called manifesto that was published in the big newspapers. Two big newspapers, 
the Washington Post and the New York Times, agreed to publish it. They published his manifesto, and a man 
called David Kaczynski read it in one of the newspapers. In the writing, he recognized his own brother's style. 

Now, his brother had been a brilliant mathematician, and had briefly been a mathematics professor before 
disappearing to live off on his own in a camp in the woods in Montana. Therefore, David Kaczynski informed the 
F.B.I., the F.B.I. raided the cabin, and sure enough, they found that it was a little bomb-making workshop. 
Ted Kaczynski was the Unabomber, and now, because of the way he wrote his manifesto, he is in prison. 

4.1 Psychological Profiling 

One topic that tends to get a lot of publicity these days is psychological profiling. This is controversial, 
because psychological profiling is not based on a hard science. It is more based on a soft science, and it is 
based very much on the opinion of the psychologist. Nevertheless, it can be very effective, and it was 
very effective in the case of a man called George Metesky. 

In the late 1930 s , bombs started to explode in New York City. Well, some of them exploded, some failed to 
go off, and some of these bombs were very dangerous, planted in movie theatres, for instance. Notes were also 
appearing, and these were angry notes directed against a company called Consolidated Edison, a big 
New York State utilities company. 

Now, these notes did not say Consolidated Edison, but referred to it as 'Con Edison.' With the United States 
entry into World War II, the bomber promised to suspend his bombing campaign because of his 
patriotic feelings, but with the end of the war, he re-started his campaign. Conventional police methods gave no 
leads at all, so the police eventually turned to psychological profiling. 

The man they turned to for their psychological profile was a man called James Brussel, and he gave this 
opinion: 

The bomber was male, 40 - 50 years old, and suffering from paranoia. He was probably from 
foreign extraction, and that was partly based on the language used in the note. Probably a Slav, living with 
female relatives, neat and tidy, and very importantly, probably a former employee of Consolidated Edison who 
had a grievance against the company. Brussel suggested that this man did not live in New York City. Part of the 
reason for that is, because real New Yorkers refer to Consolidated Edison as 'Con Ed,' not 'Con Edison.' Probably 
he lived northeast of the city. He predicted that when this man is finally arrested, he would be wearing a 
double-breasted suit. 

Now the police know where to look. They know to look through old employment records from 
Consolidated Edison. Of course, in those days, no computers. All these records are in cardboard boxes, printed 
on paper, and had to be searched through manually, one by one. From employment records from 1931, 
somebody came across the name of George Metesky. He had been injured in an industrial accident, but for 
technical reasons, had been denied compensation. 

There is the grievance, and indeed, he lived to the northeast of New York, up in Waterbury. Early in the 
morning, police went to arrest him, and this is where one of Brussel's predictions did not come true. He was not 
wearing a double-breasted suit. Because it was early in the morning, he was wearing pajamas. 
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However, he asked the police if he could change before he was taken away, and he did indeed change into 
a double-breasted suit. That way, all of James Brussel's predictions came true, but psychological profiling can 
be dangerous if there is over-reliance on this technique. 

This is a much more recent case, it is a woman called Rachel Nickell who was stabbed to death with multiple 
stab wounds, while she was out on Wimbledon Common with her two-year-old son. This poor little child was 
found, next to her body, trying to wake her up. At the time, the police could not find any leads by 
conventional methods, but they obtained a psychological profile of the murderer, and this seemed to fit a 
local man called Colin Stagg. 

They focused on Colin Stagg, even though there was no other evidence linking him to the crime. They set 
up a very sophisticated honey trap, with a woman police constable posing as a potential girlfriend for their 
suspect. Well, though Colin Stagg never confessed to the murder to this so-called girlfriend, he was still charged 
with the murder. However, when the case came to court, and the judge saw the so-called evidence, it was just 
thrown out without a trial. 

Moreover, the judge was right, because DNA tests carried out in 2004 using improved techniques showed 
that the murder had been committed by a man called Robert Napper. By that time, Robert Napper was already 
in custody for some other awful murders. This honey trap proved to be very expensive. Colin Stagg was 
awarded more than 700,000 pounds compensation for what he had been put through, and the woman 
police constable was compensated with 125,000 pounds for the stress that she had been put through. 

What is the difference between these two cases? 

Well, in the Metesky case, it was not profiling that identified Metesky. It was profiling that led investigators 
to consider Metesky, and the profiling was supported by his old grievance against Con Ed. In the Colin Stagg 
case, the profiling was the only evidence against him. Moreover, really, the technique is not strong enough to 
be used in isolation. 

5 Soham Murders 



These two girls, wearing their Manll shirts, disappeared on the evening of August 4, and probably they died 
that same evening. Their bodies were dumped about 30 mi away, but those two bodies were not found for 
some time. 

Ian Huntley, to some extent, gave himself away by his behavior, because he assisted with the search, which 
is all right, but he also asked many questions about the conduct of the investigation, asked questions of 
police officers and journalists. However, while the search for the missing girls was going on, he also took time 
to clean his house and his car, and he also took his car away to change its tires. Ultimately, Ian Huntley was 
convicted of their murder, and was sentenced to serve life in prison. 

How was he convicted? 

Let us look at the timeline. On August 4, 2002 in the evening, Holly and Jessica had gone out to buy sweets, 
and they had never come home. The last witness saw them at about 6:32. They last appeared on CCTV at 
about the same time. Their hand phones turned off at 6:46. The search started at 8:30. The police were called 
in and arrived at 10:30. 

However, it was not until August 17 that their bodies were found. They were found about 30 min drive away 
at a place called Lakenheath, and they were found by someone who was just taking a walk. Someone had 
attempted to destroy the bodies, and they were partially burned. 

The partial burning of the bodies made it very difficult to determine the time of death. The police turned to 
botanical methods, because when you start a fire in the country, it kills the local plants, which then grow back. 
A botanist estimated that the plants that had grown back had been growing for about 13 days. Therefore, that 
gives an approximate time of death, certainly an approximate time of when the bodies were dumped. 
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5.1 Evidence 

From the place where the bodies had been dumped, various types of evidence were possible. This place was 
down the end of a dirt road. Therefore, if a vehicle had passed down the road, there would be tire impressions 
on the road, and also any soil or material from the road surface would be transferred to that vehicle. Further, 
the pollen from the plants at that location might also be present on the person or the vehicle, and we have 
already seen that the regrowth of the plants told something about the timing. 

Let us look at the car. Recall that Ian Fluntley had very carefully cleaned and washed his car, and put on 
new tires even though the village was in the middle of a search for two missing girls. Clearly, he changed the 
tires on his car, because he knew that he would have left tire tracks on that road leading to where the 
two bodies were found, and clearly, he washed and cleaned his car to remove any traces of evidence. 
Nevertheless, it is very difficult to clean a car completely, and the police were able to find soil deposited on his 
car. 

That track leading to where the bodies were found turns out to be made of a quite characteristic material, a 
mixture of chalk, brick dust, and concrete, as well as the dirt, and the material found on the car matched the 
composition of that road. In addition, they were able to find pollen that corresponded to the plants of that 
location. Those are fairly good evidence linking Ian Fluntley's car to the place where the two bodies had been 
dumped. 

The two girls had been wearing these characteristic Manll shirts, these were found partially burned in a bin 
in the building in the school where Fluntley was the caretaker, and the two girls were school kids. 
Fluntley's hairs were found on those clothes. Fibers from his carpet were also found on those clothes, and a 
bin bag in the bin had his fingerprint on it. In addition to this, as a school caretaker he had access to that 
building. Therefore, the evidence is building up to show more and more links between Fluntley and the 
two girls. 

The hand phones provided some interesting evidence, because the hand phones can not only show a link 
between Fluntley and the girls, but also we can time when that link was. When you make a call or send a text 
using a hand phone, that signal is transmitted to a receiver on a mast. It must be possible for that signal to get 
through to the receiver for the signal to go through. From the village of Soham, most signals go to a mast at 
the football club, but it is not possible for all signals in the village to go to the football club, simply because of 
the lay of the land. Part of the village, including in Ian Fluntley's house, send their signals to a mast at the 
next village of Burwell. Depending on which mast picks up the signal, you can tell from which part of the village 
the signals being sent. 

Now you do not need to make a call or send a text in order to send a signal. When you turn off your 
mobile phone, the phone sends a signal to the network saying that it is disengaging. It is like saying bye. That 
disengagement signal from the girls' phones was picked up via the Burwell mast at 6:46 p.m. This places the 
girls in the part of the village that contains Fluntley's house at the time of their disappearance. 

No single piece of evidence is compelling, but taken in total, the evidence is compelling. The phones link the 
girls to Ian Fluntley's house at exactly the time they disappeared. The soil and the pollen evidence link the 
girls' bodies to Fluntley's car, and the clothes and the forensic evidence of that bin is a link directly to 
Ian Fluntley himself. Therefore, as was said at the trial, this evidence was so strong that Fluntley could not deny 
at the trial that the two girls died in his house. 

Fie created a story that the two girls came to his house, had a bath, and died by accident. Flowever, as it 
was said at the trial, the evidence that had been built up 'left him with no alternative but to fall back on a 
final story which was no more than a tissue of lies to save his own skin/ Ian Fluntley is currently serving 
life imprisonment for these two murders. 

6 Dr. Crippen 

Our last case is a very famous case; it is the case of Dr. Crippen. One of the reasons I think it is such a 
famous case is perhaps because of his name - Crippen sounds like a quite spooky name, but it turns out that 
Dr. Crippen was a very nice guy, and just about everybody liked him. One of the exceptions, one of the people 
who did not like him, though, was his wife. 

Dr. Crippen was married to a woman called Cora. Although Crippen was an American, they settled in 
London. Fie was working in a medical-related business while she wanted to be in the music hall as a singer. 
Their marriage started to break up, and by 1909, Crippen was strongly attracted to his secretary Ethel Le Neve. 
January 31, 1910, was the last day that anyone saw Cora Crippen alive. 
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Well, Cora had many friends, and they asked Crippen, what happened to her? Where is Cora? Crippen gave 
various answers at different times. He first said that she had gone to the US to visit a sick relative. He said later 
that she had gone to L.A. and died there. Finally, he came up with a story that she would ran off with 
another man. 

The police conducted investigations. They interviewed Dr. Crippen, and clearly, the police involvement 
rattled him, because soon after, Dr. Crippen and Ethel Le Neve disappeared. With their disappearance, the 
police searched the house, and in the basement, when they dug up the basement floor, they found a grave. 
The grave contained body parts. Now the hunt was on for Dr. Crippen, it was in all the newspapers. 

Where is Dr. Crippen? 

In those days, if you wanted to travel from Europe to the Americas, there was only one way to do it, and 
that was by passenger liner across the Atlantic. One of these passenger liners, the S.S. Montrose, sailing to 
Canada, the captain became suspicious of two of his passengers. One of these passengers was registered under 
the name of Mr. Robinson, and the other passenger claimed to be his son, though the son seemed to be more 
like a girl. Mr. Robinson, it was noticed, had a very pale upper lip, as if he had just shaved off a 
thick moustache. The captain was suspicious, but there was not much he could do. However, the captain could 
communicate by wireless telegraphy, and he sent a message to the police that he thought Dr. Crippen and 
Ethel Le Neve were on board his ship. 

The police officer in charge of the case, Inspector Dew, took the tip, and hurried to the port of Liverpool to 
catch another ship, the Laurentic. The Laurentic was a much faster ship than the Montrose was, and it was able 
to overtake the Montrose in St. Laurence River, just got to Canada, but had not quite docked. Inspector Dew 
boarded the Montrose, and the story is that when he arrested Dr. Crippen, Crippen said, 'Thank God it is over/ 

He was taken back to England and charged with murder. It is not a crime to cross the Atlantic Ocean under 
a false name, and that is not enough to prove murder. Therefore, questions remain. The question, how was the 
murder carried out? Who carried out the murder? 



Formula 62 : Scopolamine 

The murder is believed to have been a poisoning. In those days, highly toxic substances such as 
Scopolamine could be bought quite easily. Crippen had bought five grains of scopolamine, which is about 
300 mg, in January of that year. In order to buy it, he had signed the poison's book. When those 
human remains found in the grave in the house were chemically analyzed, it was possible to detect 
Scopolamine. 

Then is the question, who was the victim? Because they did not find a whole body, they only found 
body parts, including the torso. This was one of the cases that made Bernard Spilsbury famous. Spilsbury 
examined those body parts, he found on those parts an operation scar, and this was the scar from operation 
that had been carried out on the ovaries of a woman. Cora Crippen had just such an operation, and therefore, 
Spilsbury concluded that those body parts were from Cora Crippen. With these questions apparently settled, 
Dr. Crippen was found guilty of murder, and he was hanged on November 23, 1910. 

What about Ethel Le Neve? 

None of the evidence points to any involvement of her in the murder of Cora Crippen. All she had done was 
pretend to be a boy, and take a ship to Canada. That is not a crime. She was found not guilty. She acquired a 
new identity, acquired a new life, even married and had children, and kept her old identity secret even until she 
died. Her children did not find out her real identity until after her death, when it had been discovered by an 
investigating journalist. 

What about Cora Crippen? 

The only parts of her ever found were those body parts in the grave. For instance, Cora Crippen's head was 
never found. Perhaps it is still somewhere buried in the city of London. 
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